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INTRODUCTION. 


1.  The  Bunsen  burner  is  used  as  the  source  of  heat  in  most  chem- 
ical laboratories  (Fig.  87).  It  is  attached  to  the  gas  cock  by  a  piece  of 
rubber  tubing.  When  the  gas  is  turned  on,  the  current  of  gas  draws 
air  through  the  holes  at  the  bottom  of  the  tube,  and  this  mixture  when 
lighted  burns  with  an  almost  colorless,  /.  e.  non-luminous,  flame.  It  is  a 
hot  flame  and  deposits  no  soot.  The  burner  is  lighted  by  turning  on 
the  gas  full  and  holding  a  lighted  match  in  the  gas  about  5  centimeters 
(2  inches)  above  the  top  of  the  burner.  If  the 
flame  is  not  colorless,  or  nearly  so,  turn  the  ring  at 
the  bottom  of  the  burner  until  the  flame  is  a  faint 
blue.  The  colorless  flame  should  be  used  in  all 
experiments  unless  the  directions  state  otherwise, 
and  should  be  from  5  to  10  centimeters  (2  to  4 
inches)  high.  The  hottest  part  of  the  flame  is  near 
the  top. 


FIG.  87.  —  Bunsen 
burner. 


2.   Heating.  —  The  following  directions  should 
be  observed  in  heating  with  the  Bunsen  burner:  — 

(1)  The  burner  should  always  be  lighted  before 

any  piece  of  apparatus  is  held  over  it,  or  before  it  is  placed  beneath 
a  wire  gauze  which  supports  a  dish  or  flask. 

(2)  Glass  and  porcelain  apparatus  should  not  be  heated  when  empty 
nor  over  a  bare  or  free  flame  even  if  they  contain  something  —  unless 
directions  so  state.     Vessels  requiring  a  support  should  be  placed  on  a 
wire  gauze  which  stands  on  the  ring  of  an  iron  stand,  and  heated  grad- 
ually from  beneath.     Hot  vessels  should  be  heated  and  cooled  gradu- 
ally ;  if  removed  from  the  gauze  while  hot,  they  should  be  placed  on  a 
block  of  wood  or  piece  of  asbestos  board  —  never  on  a  cold  surface. 

(3)  Many  experiments  require  the    heating   of  test   tubes.     These 
tubes  should  be  dry  on  the  outside  before  being  heated.     The  temper- 
ature of  a  test  tube  containing  a  solid  should  be  raised  gradually  by 
moving  it  in  and  out  of  the  flame,  or  by  holding  it  in  the  flame  and  roll- 
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ing  it  slightly  between  the  thumb  and  forefinger.  Special  care  must  be 
taken  to  distribute  the  heat  evenly.  If  the  test  tube  contains  a  liquid, 
as  is  usually  the  case,  only  that  part  containing  the  liquid  should  be 
heated ;  the  test  tube  should  also  be  inclined  so  that  the  greatest  heat 
is  not  directed  upon  the  thin  bottom. 
When  the  liquid  begins  to  boil,  the  test 
tube  should  be  removed  from  the  flame 
for  an  instant  or  held  over  it.  In  some 
experiments  test  tubes  can  be  held  be- 
tween the  thumb  and  forefinger  without 
discomfort.  If  they  are  too  hot  to 
handle,  a  test-tube  holder  may  be  used  (Fig.  88) . 

3.  Cutting  and  bending  Glass  Tubing.  —  (a)  Cut- 
ting. Determine  the  length  needed,  lay  the  tube  on  the 
desk,  and  with  a  forward  stroke  of  a  triangular  file  make 
a  short  but  deep  scratch  where  the  tube  is  to  be  cut. 
Grasp  the  tube  in  both  hands,  and  hold  the  thumbs 
together  behind  the  scratch.  ,  Now  push  gently  with  the 
thumbs,  pull  at  the  same  time  with  the  hands,  and  the 
tube  will  break  at  the  desired  point.  The  sharp  ends 
should  be  smoothed  by  rubbing  them  with  emery  paper 
or  by  rotating  them  slowly  in  the  Bunsen  flame  until  a 
yellow  color  is  distinctly  seen  or  until  the  ends  become  red-hot. 

(b)  Bending.   Glass  tubes  are  bent  in  a  flat  flame. 
An  ordinary  illuminating  gas   flame   may  be  used, 
but  the  Bunsen  flame  can  be  flattened  by  a  wing-top 
attachment  (Fig.  89),  which  slips  over  the  top  of  the 
FIG.  89.  — Wing-    burner  tube, 
top  attachment  for    The  flattened 
Bunsen  burner.  _  ,, 

Bunsen  flame 

should  be  slightly  yellow  and 
about  7  centimeters  (2.5  inches) 
wide  for  ordinary  bends.  A 
right-angle  bend  is  made  as 
follows :  Determine  the  point 
at  which  the  tube  is  to  be  bent. 
Grasp  the  tube  in  both  hands, 

and  hold  it  so  that  the  part  to 

FIG.  90.  — Bending  a  tube  into  a  right 
be   bent   is   directly   over   the  angle     j 


FIG.  88.— 
Test  tube  and 
holder. 
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flame.  Slowly  rotate  it  between  the  thumbs  and  forefingers,  and 
gradually  lower  it  into  the  position  shown  in  Figure  90.  Continue  to 
rotate  it  until  the  glass  feels  soft  and  ready  to  yield.  Then  remove 
it  from  the  'flame,  and  slowly 
bend  it  into  a  right  angle,  as 
shown  in  Figure  91.  It  is  con- 
venient to  have  at  hand  a  block 
of  wood  or  some  other  right- 
angled  object  to  assist  the  eye 

in  completing  the  bend  into  an 

,         Tr      _  FIG.  91.  —  Bending  a  tube  into  a  right 

exact  right  angle.     IfaBunsen  angle  — II. 

flame  is  used,  the  bent  part  of 

the  tube  should  be  annealed,  i.e.  cooled  slowly.  This  is  done  by 
holding  it  in  a  yellow  flame  until  it  becomes  coated  with  soot.  It 
should  then  be  placed  on  a  block  of  wood,  and  when  cold  wiped 
clean.  Tubes  can  be  bent  into  an  oblique  angle  by  heating  them 
through  about  twice  the  space  required  for  a  right  angle ;  a  very  slight 
bend,  however,  is  often  made  by  holding  the  tube  across  the  flame  and 
heating  a  short  space.  Glass  tubes  which  have  been  correctly  bent 
never  have  flattened  curves ;  nor  are  they  twisted,  i.e.  all  parts  lie  in 
the  same  plane. 

(c)  Drawing.  Glass  tubes  can  be  drawn  to  a  finer  bore  or  into  two 
pointed  tubes  as  follows :  Heat  the  glass  as  in  (b)  through  about 
2.5  centimeters  (i  inch)  of  its  length,  remove  from  the  flame  and 
slowly  pull  it  apart  a  short  distance ;  let  it  cool  for  a  few  seconds,  and 
then  pull  it  quickly  to  the  desired  length. 

The  operation  is  well  illustrated  by  making  a  glass  stirring  rod. 
Select  a  piece  of  rod  about  25  centimeters  (10  inches)  long  and  .5 


FlG.  92.  —  Stirring  rods  ready  to  be  cut. 

centimeter  (T3g  inch)  in  diameter.  Heat  it  in  the  middle  in  the 
ordinary  —  not  flat  —  Bunsen  flame,  and  when  soft  draw  it  out  slowly 
into  the  shape  shown  in  Figure  92.  Cut  it  into  two  rods  by  making  a 
slight  scratch  where  the  dotted  line  indicates.  Round  oif  the  rough 
edges  by  heating  them  slightly  in  the  flame. 
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4.  Filtering.  —  A  solid  may  be  separated  from  a  liquid  by  filtering. 
A  circular  piece  of  porous  paper  is  folded  to  fit  a  glass  funnel,  and  when 
the  mixture  is  poured  upon  this  paper,  the  solid — the  residue  or  precipi- 
tate—  is  retained,  while  the  liquid — the  filtrate  —  passes  through  and 
may  be  caught  in  a  test  tube  or  any  other  vessel.  The  filter  paper  is 
prepared  for  the  funnel  by  folding  it  successively  into  the  shapes  shown 
in  Figures  93  and  94,  and  then  opening  the  folded  paper  so  that  three 
thicknesses  are  on  one  side  and  one  on  the  other  (Fig.  95).  The 
cone-shaped  paper  is  next  placed  in  the  funnel  and  wet  with  water, 


FIG.  93.  —  Folded 
filter  paper  —  I. 


FIG.  94.  — Folded 
filter  paper —  II. 


FIG.  95.  — Folded  filter 
paper  ready  for  funnel. 


so  that  it  will  stick  to  the  sides  of  the  funnel  and  filter  rapidly.  The 
paper  should  never  extend  above  the  edges  of  the  funnel,  but  its  apex 
should  always  project  slightly  into  the  stem.  The  liquid  to  be  filtered 
should  be  poured  down  a  glass  rod  which  touches  the  edge  of  the  test 
tube ;  the  lower  end  of  the  rod  should  just  touch  the  paper  inside  the 
funnel,  so  that  the  liquid  will  run  down  the  side  and  thereby  avoid 
bursting  the  apex  of  the  filter  paper.  It  is  also  advisable  to  adjust  the 
apparatus  so  that  the  end  of  the  stem  of  the  funnel  rests  against  the 
side  of  the  vessel  catching  the  filtrate.  A  funnel  can  be  supported  by 
standing  it  in  a  test  tube,  a  bottle,  or  the  ring  of  an  iron  stand. 

5.  Constructing  and  arranging  Apparatus.  —  The  various  parts 
of  an  apparatus  should  be  collected,  prepared,  and  put  together  be- 
fore starting  the  experiment  in  which  the  apparatus  as  a  whole  is 
used.  The  different  parts  which  are  to  fit  each  other  should  be  selected 
and  arranged  so  that  all  joints  are  gas-tight,  and  as  a  final  precaution 
the  apparatus  should  be  tested  for  leaks.  All  leaks  should  be  stopped 
up  before  the  apparatus  is  used.  The  following  hints  will  be  helpful :  — 


FIG.  96.  —  Rubber  tube  cut  at  an  angle. 

(1)    To  insert  a  glass  tube  into  rubber  tubing.     Cut  the  rubber  tubing 
at  an  angle,  as  shown  in  Figure  96,  moisten  the  smoothed  end  of  the  glass 
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tube  with  water,  place  the  end  of  the  glass  tube  in  the  angular-shaped 
cavity  so  that  both  tubes  are  at  about  a  right  angle,  and  then  slip  the 
rubber  tube  slowly  up  and  over  the  end  of  the  glass  tube.  If  the  glass 
tube  is  large  or  the  rubber  stiff,  the  rubber  tube  must  be  held  firmly 
between  the  thumb  and  forefinger  to  keep  it  from  slipping  off  until  it  is 
securely  adjusted. 

(2)  To  jit  a  glass  tube  to  a  stopper.     Moisten  the  end  with  water  and 
grasp  the  tube  firmly  about  3  centimeters  (i   inch)  from  the  end;  hold 
the  stopper  between  the  thumb  and  forefinger  of  the  other  hand,  and 
work  the  tube  into  the  hole  by  a  gradual  rotary  motion.     Proceed  in 
the  same  manner  if  the  tube    is  to  be  pushed  through  the  stopper. 
Never  point  the  tube  toward  the  palm  of  the  hand  which  holds  the 
stopper.    Never  grasp  a  safety  tube  or  any  bent  tube  at  the  bend  when 
inserting  it  into  a  stopper — it  may  break  and  cut  the  hand  severely. 

(3)  To  bore  a  hole  in  a  cork.     Rubber  stoppers  are  preferable,  but 
if  corks  are  used,  they  can  be  bored  as  follows :  Select  a  cork  free  from 
cracks  or  channels  and  use  a  borer  which  is  one  size  smaller  than  the 
desired  hole.     Hold  the  cork  between  the  thumb  and  forefinger,  press 
the  larger  end  against  a  firm  but  soft  board,  and  slowly  push  the  borer 
by  a  rotary  movement  through  the  cork,  taking  care  to  keep  the  borer 
perpendicular  to  the  cork.     If  the  hole  is  too  small,  enlarge  it  with  a 
round  file.     If  corks  are  used  instead  of  rubber  stoppers,  the  apparatus 
should  always  be  tested  before  use  by  blowing  into  it,  stopping  of  course 
all  legitimate  outlets.     A  poor  cork  often  means  a  failure,  to  say  noth- 
ing of  wasted  time.  „ 

(4)  To  make  a  platinum  test  wire.     Rotate  one  end  of  a  piece  of 
glass  rod,  about  10  centimeters  (4  inches)  long,  in  the  flame  until  it 
softens.     At  the  same  time  grasp  a  piece  of  platinum  wire  about  7  cen- 
timeters (3  inches)  long  firmly  in  the  forceps  about  I  centimeter  (.5 
inch)  from  the  end,  and  hold  it  in  the  flame.     When  the  rod  is  soft 
enough,  gently  push  the  hot  wire  into  the  rod.     Cool  the  rod  gradually 


FlG.  97.  —  Platinum  test  wire. 

by  rotating  it  in  the  flame.  The  completed  wire  is  shown  in  Figure  97. 
If  a  glass  tube  is  used  instead  of  a  rod,  it  should  be  drawn  out  to  a 
very  small  diameter  (see  §  3  (c})  before  inserting  the  platinum  wire, 
but  in  other  respects  the  two  operations  are  practically  identical. 
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6.  Manipulation.  —  Ability  to  use  apparatus  rapidly,  accurately,  and 
neatly  is  acquired  only  by  experience,  but  the  following  suggestions  will 
facilitate  the  acquisition  of  this  needful  skill  :  — 

(i)  Pouring  liquids  and  transferring  solids,     (a}    Liquids  can  be 

poured  from  a  vessel  without 
spilling,  by  moistening  a  glass 
rod  with  the  liquid  and  then 
pouring  it  down  the  rod  as 
is  shown  in  Figure  98.  The 
angle  at  which  the  rod  is  held 
varies  with  circumstances. 
This  is  a  convenient  way  to 


FIG.  98.  —  Pouring  a  liquid  down  a  glass  rod. 


s  a 

v      .,   r  , 

pour  a  liquid  from  a  vessel 

containing  a  solid  without  disturbing  the  solid.     (£)   Liquids  can  often 

be  poured  from  a  bottle  by  holding  the  bottle  as  shown  in  Figure  99. 

Notice  that  the  stopper  and  bottle  are  held  in  the  same  hand.    This  is  ac- 

complished by  holding  the 

palm  of  the  hand  upward 

and   removing  the  stopper 

by  grasping  it  between  the 

fingers  before  the  bottle  is 

lifted.     All  stoppers  should 

be  removed  this  way  when 

possible,  and  not  laid  down, 

because  the  impurities  ad- 

hering to  the  stopper  may 

run   down   into   the   bottle 

and  contaminate  the   solu- 

tion.    The  drop  on  the  lip  of  the  bottle  should  be  touched  with  the 

stopper  before  the  latter  is  put  into  the  bottle  ;  this  simple  operation 

prevents  the  drop  from  running 
down  the  outside  of  the  bottle 
upon  the  label  or  upon  the 
shelf,  (c}  Solids  should  never 
be  poured  directly  from  a  large 
bottle  into  a  test  tube,  retort,  or 
similar  vessel.  A  convenient 
method  is  as  follows:  Rotate 


FIG.  99. —  The  way  in  which  a  glass  stopper 
should  be  held  while  a  liquid  is  being  poured 
from  a  bottle. 


FlG.  loo.  —  Pouring  a  solid  into  a  vessel  with 
a  small  opening. 


the  bottle  slowly  so  that  the 
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solid  will  roll  out  in  small  quantities  ;  catch  the  solid  on  a  narrow  strip 
of  paper  folded  lengthwise,  and  slide  the  solid  from  the  paper  into  the 
desired  vessel.  The  last  part  of  the  operation  is  shown  in  Figure  100. 

(2)  Collecting  gases.     Gases   are   usually   collected  over  water   by 
means  of  a  pneumatic  trough,  a  common  form  of  which  is  shown  in  Figure 
102.     The  vessel  to  be  filled  with  gas  is  first  filled  with  water,  covered 
with  a  piece  of  filter  paper,  inverted,  and  placed  mouth  downward  on  the 
shelf  of  the  trough,  which  is  previously  filled  with  water  just  above  the 
shelf.     The  paper  is  then  removed,  and  the  vessel  slipped  over  the  hole 
in  the  shelf  of  the  trough.     Glass  plates  instead  of  filter  paper  may  be 
used  to  cover  the  bottle.     The  gas  which  is  evolved  in  the  generator 
passes  through  the  delivery  tube,  and  bubbles  up  through  the  water  into 
the  bottle,  forcing  the  water  out  of  the  bottle  as  it  rises.     All  gases 
insoluble   in  water  are   thus  collected.      Some  heavy  gases,  such  as 
hydrochloric  acid,  chlorine,  and  sulphur  dioxide,  are  collected  by  allowing 
the  gas  to  flow  downward  into  an  empty  bottle,  and  displace  the  air  in 
the  bottle,  i.e.  by  downward  displacement.     Ammonia  and  other  light 
gases  are  usually  collected  by  allowing  the  gas  to  flow  upward  into  a 
bottle,  i.e.  by  upward  displacement. 

(3)  Weighing  and  measuring.     These  operations  are  best  learned 
by  personal  direction  from  the  teacher,  together  with  patient  application 
of  a  few  general  principles.     The  following  hints,  however,  will  be  of 
assistance  :  — 

(#)    Learn  as  soon  as  possible  how  to  use  the  scales  and  interpret  the 
weights. 

(£)    Always  leave  the  scales  and  weights  in  a  clean,  usable  condition. 

(c)  Substances  should  not  be  weighed 
on  the  bare  scale  pan,  but  on  a  smooth 
piece  of  paper  creased  on  the  edges  or 
along  the  middle.  Take  the  solid  from 
the  bottle  with  a  clean  spoon  or  spatula  or  --. 
pour  by  rotating  the  bottle  as  described  in 
§  6  (V).  In  many  experiments  only  ap-  -' 
proximate  quantities  are  needed.  If  you 
weigh  out  too  much,  do  not  put  it  back 
into  the  bottle,  but  throw  it  away  or  put  it 
into  a  special  bottle. 

09    Liquids  are  measured  in  graduated     FlG.10I._TMeniscus.   Correct 
cylinders.    The  lowest  point  of  the  curved  reading  is  along  line  I. 
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surface  of  the  liquid  is  its  correct  height  (see  Fig.  101).  The  average 
ordinary  test  tube  holds  about  30  cubic  centimeters,  while  the  large  test 
tube  —  so  often  mentioned  in  the  succeeding  experiments  —  holds  about 
75  cubic  centimeters.  Time  can  be  saved  by  remembering  these  volumes. 
(e)  All  measurements  in  this  book  are  in  the  metric  system  (see  App. 
§  i).  The  common  denominations,  their  abbreviations,  and  English 
equivalents  should  be  learned. 

7.  Smelling  and  Tasting.  —  Unfamiliar  substances  should  never 
be  tasted  or  smelled  except  according  to  directions,  and  even  then 
with  the  utmost  caution.  Never  inhale  a  gas  vigorously,  but  waft  it 
gently  with  the  hand  toward  the  nose.  Taste  acids,  etc.,  by  touching  a 
minute  portion  to  the  tip  of  the  tongue,  and  as  soon  as  the  sensation  is 
detected,  reject  the  solution  at  once  —  never  swallow  it. 


EXPERIMENTS. 

PHYSICAL  AND   CHEMICAL  CHANGES. 

Experiment  1.  —  Physical  Change.    Materials :  Salt,  glass  rod. 

Dissolve  a  little  salt  in  a  test  tube  one  fourth  full  of  water.  Dip  a 
glass  rod  into  the  liquid  and  taste  it.  Has  the  characteristic  property 
of  the  salt  been  changed  ?  Dip  the  rod  into  the  liquid  again,  and 
hold  it  over  the  flame  of  the  Bunsen  burner.  As  the  water  evaporates, 
a  white  solid  appears.  Taste  it.  What  is  it  ?  Have  its  original  prop- 
erties been  destroyed  ?  What  kind  of  a  change  did  they  undergo  ? 
What  kind  of  a  change  did  the  salt  undergo  ?  What  caused  the 
change  ? 

Experiment  2.  —  Physical  Change.     Material:  Iodine. 

Drop  a  small  crystal  of  iodine  into  a  dry  test  tube,  and  gently  heat 
the  bottom.  As  the  violet  vapor  arises,  remove  the  tube  from  the  flame 
and  let  it  cool.  Do  the  crystals  which  form  near  the  top  resemble  the 
original  crystal  ?  When  gently  heated,  do  they  change  into  the  violet 
vapor  ?  How  has  the  iodine  crystal  been  changed  ?  What  caused  the 
change  ?  Do  the  original  properties  reappear  after  the  cause  has  been 
removed  ?  What  kind  of  a  change  has  the  iodine  undergone  ? 

Experiment  3.  —  Physical  Change.     Material:  Glass  rod. 

Rub  a  glass  rod  briskly  on  a  piece  of  cloth,  and  hold  it  near  small 
bits  of  dry  paper.  Describe  what  happens.  After  a  moment  touch  the 
paper  again.  Is  the  result  the  same  ?  Try  again.  Are  the  original 
properties  of  the  glass  restored  when  the  cause  of  its  change  is  re- 
moved ?  What  kind  of  a  change  did  the  glass  undergo  ? 

Experiment^  —  Chemical  Change.  Materials:  Copper  wire,  dilute 
nitric  acid,  iron  nail,  forceps. 

(rt)  Examine  a  piece  of  copper  wire  and  notice  especially  its  color. 
Grasp  one  end  of  the  wire  with  the  forceps,  and  hold  the  other  end  in 
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the  flame  until  a  definite  change  occurs.  Then  remove  it  from  the 
flame,  and  examine.  Has  it  been  changed  ?  Do  the  original  properties 
of  the  copper  reappear  when  the  heated  wire  is  cool  ?  What  kind  of  a 
change  has  the  copper  undergone  ?  Has  the  change  produced  another 
substance  ? 

(^)  Slip  another  piece  of  copper  wire  into  a  test  tube  one  fourth  full 
of  dilute  nitric  acid.  Notice  any  change.  Warm  the  liquid  gently, 
and  notice  .any  additional  change,,  What  are  the  evidences  of  chemical 
change  ?  What  caused  the  change  ?  What  assisted  or  hastened  it  ? 
How  has  the  copper  been  changed  ?  (Save  the  test  tube  and  contents 
for  (,).) 

(<:)  Carefully  slip  an  iron  nail  into  the  liquid  remaining  from  (£)  ;  let 
it  stand  a  short  time.  Then  remove  and  examine  the  coating.  How 
does  it  compare  with  the  original  copper  used  in  (a)  ?  What  kind  of 
a  change  occurred  ?  What  caused  it  ? 

ANSWER  : 

(1)  What  are  the  evidences  of  chemical  changes  in  this  experiment? 

(2)  If  a  known  weight  of  copper  had  been  consumed  in  (£),  could  it 
have  been  obtained  without  Toss  in  (<:)  ? 

(3)  Did  the  changes  in  this  experiment  involve  any  loss  of  copper? 

(4)  What  is  the  evidence  that  new  substances  were  produced  in  (#) 
and  (b)  ? 

(5)  What  physical  changes  occurred  in  (a)  and  (fr)  ? 

OXYGEN. 

Experiments.  —  Preparation  of  Oxygen.  Materials:  15  grams 
potassium  chlorate,  15  grams  manganese  dioxide,  5  bottles  (about  250 
cubic  centimeters  each),  filter  paper,  thin  piece  of  soft  wood,  sulphur, 
deflagrating  spoon,  piece  of  charcoal  fastened  to  a  wire,  piece  (about  1 5 
centimeters  or  6  inches)  of  wire  picture  cord  unwound  at  one  end.  The 
apparatus  is  shown  in  Figure  102.  A  is  a  large  test  tube  provided  with 
a  one-hole  rubber  stopper,  to  which  is  fitted  a  short  glass  tube,  B ;  the 
delivery  tube,  D.  is  attached  to  the  short  glass  tube  by  the  rubber 
tube,  C.  (Directions  for  constructing  and  arranging  the  apparatus  may 
be  found  in  the  Introduction,  §  5.) 

Weigh  the  potassium  chlorate  on  a  piece  of  paper  creased  lengthwise, 
and  slip  it  into  the  test  tube  ;  do  the  same  with  the  manganese  dioxide. 
Shake  the  test  tube  until  the  chemicals  are  thoroughly  mixed ;  then  hold 


Oxygen. 


469 


the  test  tube  in  a  horizontal  position  and  roll  or  shake  it  until  the  mix- 
ture is  spread  along  the  tube  its  entire  length.  Insert  the  stopper  with 
its  tubes,  and  clamp  the  test  tube  to  the  iron  stand,  as  shown  in  the 


FIG.  102.  —  Apparatus  arranged  for  preparing  oxygen. 

figure,  taking  care  not  to  crush  the  tube ;  the  test  tube  should  incline 
toward  the  trough,  to  prevent  any  water  from  flowing  back  upon  the 
hot  glass. 

Fill  the  pneumatic  trough  with  water  until  the  shelf  is  just  covered. 
Fill  the  bottles/////  of  water,  cover  each  with  a  piece  of  filter  paper,  in- 
vert them  in  the  trough,  and  remove  the  filter  paper ;  leave  two  bottles 
on  the  shelf  and  three  on  the  bottom.  The  end  of  the  delivery  tube 
should  rest  on  the  bottom  of  the  trough,  just  under  the  hole  in  the  shelf. 

Heat  the  whole  test  tube  gently  with  a  flame  about  8  centimeters  (or  3 
inches)  high.  When  the  gas  bubbles  regularly  through  the  water,  slip  a 
bottle  over  the  hole.  The  gas  will  rise  in  the  bottle  and  force  out  the 
water.  Move  the  flame  slowly  along  the  test  tube,  but  concentrate  the 
heat  toward  the  closed  end,  and  always  keep  the  flame  behind  any  water 
which  may  be  driven  out  of  the  mixture.  If  the  gas  is  evolved  too  rapidly, 
lessen  the  heat ;  if  too  slowly,  increase  it ;  if  not  at  all,  examine  the 
stopper  and  the  rubber  connecting  tube  for  leaks,  and  adjust  accordingly. 
When  the  first  bottle  of  gas  is  full,  remove  and  cover  it  with  a  piece  of 
wet  filter  paper,  and  slip  another  bottle  over  the  hole.  When  five  bot- 
tles of  gas  have  been  collected,  remove  the  end  of  the  delivery  tube 
from  the  water,  lest  the  cold  water  be  drawn  up  into  the  hot  test  tube 
as  the  gas  contracts. 

Perform  the  next  experiment  at  once. 


470  Experiments. 

Experiment  6.  — Properties  of  Oxygen. 

Proceed  as  follows  with  the  oxygen  prepared  in  the  preceding 
experiment. 

(a)  Dip  a  glowing  stick  of  wood  into  one  bottle,  and  observe  the 
change.  Remove  the  stick,  and  repeat  as  many  times  as  possible. 
Does  the  gas  burn?  How  does  the  glowing  stick  change?  What 
property  of  oxygen  does  this  experiment  show? 

(^)  Put  a  small  piece  of  sulphur  in  the  deflagrating  spoon,  hold 
the  spoon  in  the  flame  until  the  blue  flame  of  the  burning  sulphur  can  be 
seen,  then  lower  the  spoon  into  a  bottle  of  oxygen.  Notice  the  change 
in  the  flame.  Describe  it.  Brush  a  little  of  the  vapor  cautioitsly 
toward  the  nose.  Of  what  does  the  odor  remind  you?  (Plunge  the 
spoon  into  water  to  extinguish  the  burning  sulphur,  and  cover  the 
bottle  with  a  piece  of  filter  paper.) 

(c)  Hold  the  charcoal  in  the  flame  long  enough  to  produce  a  faint 
glow,  then  lower  it  into  a  bottle  of  oxygen.  Describe  the  result. 

(a)  Melt  the  sulphur  in  the  deflagrating  spoon,  and  dip  the  unwound 
end  of  the  wire  picture  cord  into  the  melted  sulphur.  Lower  the  end 
coated  with  burning  sulphur  into  a  bottle  of  oxygen.  The  iron  wire 
should  burn  brilliantly.  Describe  the  change.  Sometimes  the  sub- 
stance produced  by  the  change  coats  the  inside  of  the  bottle  Describe 
it,  if  it  is  visible. 

(e)  With  the  remaining  bottle,  repeat  any  of  the  above  experiments. 

EXERCISES  : 

(1)  Write  a  brief  account  of  the  above  experiments  in  your  note 
book>  answering  all  questions  and  directions. 

(2)  Sketch  the  apparatus  used  to  prepare  oxygen. 

(3)  Summarize  the  properties  of  oxygen. 

(4)  What  is  its  most  characteristic  property? 

(NOTE.  —  The  test  tube  used  in  Experiment  5  may  be  cleaned  with 
warm  water.) 

Experiment  7.  —  Preparation  of  Oxygen  from  Mercuric  Oxide. 

Materials :  Mercuric  oxide,  stick  of  wood. 

Put  a  little  mercuric  oxide  on  the  end  of  a  narrow  piece  of  paper 
creased  lengthwise,  and  slip  the  powder  into  a  test  tube.  The  pow- 
der should  nearly  fill  the  round  end  of  the  test  tube.  Hold  the' test 
tube  in  a  horizontal  position,  shake  it  to  spread  the  powder  into  a  thin 
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layer,  attach  the  test-tube  holder,  and  heat  the  test  tube  (still  horizontal) 
in  the  upper  part  of  the  Bunsen  flame.  Do  not  heat  one  place,  but 
move  the  tube  back  and  forth.  As  soon  as  a  definite  change  is  noticed 
inside  the  tube,  insert  a  glowing  stick  of  wood.  Observe  and  describe 
the  change.  "If  there  is  no  change,  heat  strongly,  and  test  again. 
What  gas  is  liberated?  Observe  the  deposit  inside  the  tube.  What  is 
it?  If  its  nature  is  doubtful,  let  the  tube  cool,  and  examine  again. 

EXERCISES  : 

(1)  Describe  briefly  the  whole  experiment. 

(2)  What  historical  interest  has  this  experiment? 

(NOTE.  —  If  the  test  tube  has  been  partially  melted,  save  it  for  a  sub- 
sequent experiment.) 

HYDROGEN. 

Experiment  8.  —  Preparation  of  Hydrogen.  Materials :  Granu- 
lated zinc,  dilute  sulphuric  acid,  pneumatic  trough,  four  bottles,  filter 
paper,  taper,  matches.  The  apparatus  is  shown  in  Figure  103.  A  is  a 
large  test  tube  provided  with  a  two-hole  stopper,  through  which  passes 
the  safety  tube,  B,  and  the  right-angle  bend,  6";  the  long  (15  cm.  or  6 
in.)  delivery  tube,  E,  is  attached  to  the  bent  tube  by  the  rubber  tube,  D. 
Precaution.  Keep  all  flames  away  from  the  hydrogen  generator. 
Fill  the  test  tube  half  full  of  granulated  zinc  as  follows : 
Crease  a  piece  of  paper  lengthwise,  pour  the  zinc  from  the 
bottle  upon  the  paper,  incline  the  test  tube,  and  slip  the  zinc 
into  it  from  the  paper  —  do  not  drop  it  in.  Insert  the  stopper 
with  its  tubes ;  if  the  end  of  the  safety  tube  does  not  go  in 
B  easily,  hold  the  test  tube  in  a  horizontal  position  and  shake 
the  zinc  about,  and  at  the  same  time  push 
the  stopper  gently  but  firmly  into  place. 
Clamp  the  apparatus  into  the  position  shown 
in  the  figure  or  stand  it  in  a  test-tube  rack. 
Fill  the  pneumatic  trough 
with  water  as  before,  and  ad- 
just the  apparatus  so  that  the 
end  of  the  delivery  tube  rests 
on  the  bottom  of  the  trough 
under  the  hole  in  the  shelf. 


FIG.  103.  — Apparatus  for  preparing  hydrogen. 


Fill  the  bottles  with  water  and  invert  them  in  the  trough,  as  in 
Experiment  5. 
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Pour  enough  dilute  sulphuric  acid  through  the  safety  tube  to  fill  the 
test  tube  about  half  full,  taking  care  to  leave  a  little  acid  in  the  lower 
bend  of  the  safety  tube.  This  precaution  prevents  the  gas  from  escap- 
ing from  the  back  of  the  apparatus  ;  if  at  any  time  the  gas  should  flow 
backward,  pour  a  little  acid  into  the  bend ;  if  the  acid  does  not  flow 
down  the  safety  tube,  loosen  the  stopper  for  an  instant.  As  soon  as 
the  interaction  of  the  zinc  and  sulphuric  acid  produces  hydrogen,  the 
gas  will  bubble  freely  through  the  water  in  the  trough.  Slip  a  bottle 
over  the  hole,  and  collect  and  remove  the  bottle  of  gas  as  in  Experi- 
ment. 5,  taking  care  to  cover  the  bottle  firmly  with  a  piece  of  wet  filter 
paper.  If  the  evolution  of  gas  slackens  or  ceases,  add  a  little  more  acid 
through  the  safety  tube.  Collect  four  bottles  of  hydrogen,  and  proceed 
at  once  with  the  next  experiment. 

Experiment  9.  —  Properties  of  Hydrogen. 

Study  as  follows  the  hydrogen  gas  prepared  above :  — 

(a)  Uncover  a  bottle  for  an  instant  to  let  a  little  air  in,  and  then 
drop  a  lighted  match  into  the  bottle.     Describe  the  result. 

(b)  Remove  the  paper  from  a  bottle  of  hydrogen,  and  allow  it  to 
remain  uncovered  for  three  minutes  —  by  the  clock.     Then  show  the 
presence  or  absence  of  hydrogen  by  dropping  a  lighted  match  into  the 
bottle.     Describe  the  result.     What  property  of  hydrogen  is  shown  by 
this  experiment? 

(£)  Verify  your  answer  to  the  last  question,  thus :  Hold  a  bottle  of 
air  over  a  covered  bottle  of  hydrogen,  remove  the  paper,  and  bring  the 
mouths  of  the  bottles  close  together.  (See  Fig.  i.)  Hold  them  there 
for  a  minute  or  two,  then  stand  the  bottles  on  the  desk  and  cover  them 
with  wet  filter  paper.  Drop  a  lighted  match  into  each  bottle.  What 
has  become  of  the  hydrogen?  How  does  (c)  verify  (^)? 

(d)  Invert  a  covered  bottle  of  hydrogen,  remove  the  paper,  and 
quickly  thrust  a  lighted  taper  up  into  the  bottle.  Withdraw  the  taper 
and  then  insert  it  again.  Does  the  hydrogen  burn?  If  so,  where? 
Does  the  taper  burn  when  in  the  bottle?  When  out  of  the  bottle  ? 
Feel  of  the  neck  of  the  bottle ;  describe  and  explain.  What  three 
properties  of  hydrogen  are  shown  by  this  experiment  ? 

Experiment  10.  —  Burning  Hydrogen.  (Teacher's  Experi- 
ment.) Materials:  Apparatus  shown  in  Figure  2,  which  consists  of  a 


Hydrogen.  473 

500  cubic  centimeter  flask  fitted  with  a  two-hole  rubber  stopper,  safety 
tube,  and  double  right-angle  bend;  the  last  is  attached  to  a  U-tube, 
which  is  also  connected  to  a  delivery  tube  provided  with  a  short  piece 
of  capillary  glass  tubing ;  calcium  chloride,  small  bottle,  platinum  wire, 
cotton,  granulated  zinc,  dilute  sulphuric  acid. 

Fill  the  U-tube  two  thirds  full  of  calcium  chloride,  put  a  wad  of 
cotton  beneath  the  stopper  of  each  arm,  and  connect  the  U-tube  with 
the  generator  and  the  delivery  tube. 

Stand  the  apparatus  on  the  table,  examine  all  joints  to  be  sure  they 
are  tight,  extinguish  all  flames  in  the  vicinity,  and  proceed  exactly 
according  to  the  following  directions :  — 

Pour  slowly  but  continuously  through  the  safety  tube  enough  (about 
50  cubic  centimeters)  dilute  sulphuric  acid  upon  at  least  25  grams  of 
granulated  zinc  to  produce  a  steady  current  of  hydrogen  gas  for  about 
five  minutes.  It  is  advisable  to  use  considerable  zinc  and  a  moderate 
amount  of  acid.  Acid  must  not  be  added  after  the  evolution  of  gas 
begins,  unless,  of  course,  the  experiment  is  begun  anew.  Let  the  gas 
bubble  through  the  acid  for  at  least  two  minutes  by  actual  observation, 
then  attach  the  capillary  tube  by  the  rubber  connector  to  the  end  of 
the  delivery  tube,  leaving  a  short  space  between  the  ends  of  the  two 
glass  tubes  so  that  the  rubber  tube  may  be  compressed  suddenly,  if 
necessary.  Let  the  gas  run  for  another  full  minute.  This  latter  pre- 
caution is  to  drive  all  air  out  of  the  capillary  tube.  Light  the  hydrogen, 
and  observe  at  once  the  nature  of  the  flame,  its  color,  heat  (by  holding 
a  match  or  platinum  wire  over  it),  and  any  other  striking  property. 
Then  hold  a  small  dry  bottle  over  the  flame  in  such  a  position  that  the 
flame  is  just  inside  the  bottle.  When  conclusive  evidence  of  the  prod- 
uct of  burning  hydrogen  is  seen  inside  the  bottle,  remove  the  bottle, 
and  extinguish  the  flame  at  once  by  pinching  the  rubber  connector. 
Remove  the  generator  to  the  hood,  and  if  the  evolution  of  hydrogen  is 
still  brisk,  dilute  the  acid  by  pouring  water  through  the  safety  tube. 
Examine  the  inside  of  the  bottle.  What  is  the  deposit?  Explain  its 
formation. 

EXERCISES  FOR  THE  CLASS:  -  v 

(1)  What  does  this  experiment  suggest  about  the  composition  of 
water? 

(2)  Does  this  experiment  illustrate  oxidation?     Why?     Synthesis? 
Why? 

(3)  Describe  the  whole  experiment,  and  sketch  the  apparatus. 


474  Experiments. 

WATER. 

Experiment  11. — General  Distribution  of  Water.  Materials: 
Wood,  meat,  potato. 

Heat  successively  in  dry  test  tubes  a  small  piece  of  wood,  of  meat, 
or  of  potato  (or  any  other  fresh  vegetable) .  Hold  the  open  end  of  the 
test  tube  lower  than  the  other  end.  Is  there  conclusive  evidence  of 
water?  Since  most  animal  and  vegetable  substances  act  similarly,  what 
general  conclusion  can  be  drawn  from  this  experiment  ? 

Experiment  12. —  Simple   Tests    for    Impurities    in   Water. 

Materials :  Distilled  water,  water  containing  dirt,  a  sulphate,  a  chloride, 
and  a  lime  compound ;  nitric  acid,  ammonium  hydroxide,  acetic  acid^ 
sulphuric  acid  (concentrated),  solutions  of  potassium  permanganate, 
silver  nitrate,  barium  chloride,  ammonium  oxalate  ;  and  limewater. 

(a)  Organic  Matter.  Fill  a  clean  test  tube  half  full  of  distilled  water, 
and  another  with  water  containing  a  little  dirt  or  a  bit  of  paper.  Add 
to  each  test  tube  a  drop  or  two  of  concentrated  sulphuric  acid  and  suffi- 
cient potassium  permanganate  solution  (made  from  distilled  water)  to 
color  each  liquid  a  light  purple,  as  nearly  alike  as  possible.  Label  one 
tube,  and  then  heat  gently  nearly  to  the  boiling  point  the  tube  contain- 
ing the  impure  water.  As  soon  as  a  definite  change  is  seen,  heat  the 
other  cautiously,  as  too  sudden  heat  may  cause  the  liquid  to  "bump  out." 
Organic  matter  decolorizes  potassium  permanganate  solution.  Which 
tube  shows  the  more  organic  matter? 

(£)  Chlorides.  To  a  test  tube  half  full  of  distilled  water  add  a  few 
drops  of  nitric  acid,  and  then  a  few  drops  of  silver  nitrate  solution.  Do 
the  same  with  water  known  to  contain  a  chloride  in  solution.  What  is 
the  difference  between  the  results?  The  cloudiness,  or  solid,  is  due  to 
silver  chloride,  which  is  always  formed  when  silver  nitrate  is  added  to 
hydrochloric  acid  or  a  chloride  in  solution  (chlorides  being  closely  related 
to  hydrochloric  acid).  Silver  chloride  is  soluble  in  ammonium  hydroxide. 
Try  it.  This  is  the  usual  test  for  chlorides  (and  conversely  for  soluble 
silver  compounds),  and  will  hereafter  be  used  without  further  description. 

(f)  Sulphates.  To  a  test  tube  half  full  of  distilled  water  add  a  few 
drops  of  sulphuric  acid  and  a  few  drops  of  barium  chloride  solution. 
The  white  precipitate  is  barium  sulphate.  It  is  insoluble  in  all  common 
liquids,  and  is  always  formed  when  barium  chloride  is  added  to  sulphu- 
ric acid  or  a  sulphate  in  solution  (sulphates  being  closely  related  to  sul- 
phuric acid).  Test  the  impure  water  for  sulphates. 
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(//)  Lime  Compounds.  Add  a  few  drops  of  a  fresh  solution  of  ammo- 
nium oxalate  to  a  test  tube  half  full  of  clear  limewater.  Limewater  is 
a  solution  of  calcium  hydroxide,  and  the  white  precipitate  formed  is 
calcium  oxalate,. which  is  soluble  in  hydrochloric  acid  but  not  in  acetic 
acid.*  Try  it.  This  is  the  test  for  calcium  compounds,  often  called 
"  lime "  compounds,  because  lime,  which  is  calcium  oxide,  is  so  well 
known.  Apply  this  test  to  distilled  water  and  to  water  known  to  con- 
tain calcium  compounds,  and  compare  the  two  results. 

(e)    Summarize  briefly  the  whole  experiment. 

(NOTE.  —  If  time  permits,  this  experiment  should  be  applied  by  the 
class  to  water  whose  impurities  are  unknown.) 

Experiment  13.  —  Distillation.  (Teacher's  Experiment.)  Ma- 
terials :  Condenser,  etc.,  shown  in  Figure  6,  potassium  permanganate, 
impure  water,  and  solutions  used  in  Experiment  12. 

Fill  the  flask,  C,  half  full  of  water  known  to  contain  the  impurities 
mentioned  in  Experiment  12,  add  a  few  crystals  (3  or  4)  of  potassium 
permanganate,  and  connect  with  the  condenser  as  shown  in  Figure  6. 
Attach  the  inlet  tube  to  the  faucet,  fill  the  condenser  slowly^  and  regu- 
late the  current  so  that  a  small  stream  flows  continuously  from  the 
outlet  tube  into  the  sink  or  waste  pipe.  Heat  the  liquid  in  C  gradually, 
and  when  it  boils,  regulate  the  heat  so  that  the  boiling  is  not  too  vio- 
lent. As  the  distillate  collects  in  the  receiver,  Z),  test  separate  portions 
for  organic  matter,  chlorides,  sulphates,  and  calcium  compounds. 

EXERCISES  FOR  THE  CLASS  : 

(1)  Is  organic  matteT  found  ? 

(2)  Is  mineral  matter  found  ? 

(3)  If  the  distilling  liquid  had  contained  a  volatile  substance,  like 
ammonia  or  alcohol,  would  the  distillate  contain  such  a  substance  ? 

Experiment  14.  —  Solubility  of  Gases. 

(a}  Warm  a  little  faucet  water  in  a  test  tube.  Is  there  immediate 
evidence  of  a  previously  dissolved  gas  ?  Is  there  evidence  of  much 
gas  ?  What  effect  has  increased  heat  ? 

(£)  Warm  slightly  a  few  cubic  centimeters  of  ammonium  hydroxide 
in  a  test  tube.  Do  the  results  resemble  those  in  (a)  ?  As  soon  as  the 
final  result  is  obtained,  pour  the  remaining  liquid  down  the  sink  and 
flush  well  with  water. 
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(V)    Repeat  (£),  using  a  little  concentrated  hydrochloric  acid.     Do 
the  results  resemble  those  of  (a)  and  (b)  ? 
ANSWER  : 

(1)  How  does  increased  temperature  affect  the  solubility  of  gases  ? 

(2)  What  gases  dissolve  freely  in  water  ? 

Experiment  15.  —  Solubility  of  Liquids.  Materials:  Alcohol, 
kerosene,  glycerine,  carbon  disulphide. 

(a)  To  a  test  tube  half  full  of  water  add  a  little  alcohol  and  shake. 
Is  there  evidence  of  solution  ?  Add  a  little  more  and  shake.  Add  a 
third  portion.  Is  there  still  evidence  of  solution  ?  Draw  a  conclusion 
as  to  the  solubility  of  alcohol  in  water. 

(£)  Repeat  (#),  using  successively  kerosene,  glycerine,  and  carbon 
disulphide.  Observe  the  results  and  conclude  accordingly. 

(c)    Summarize  the  results  in  a  table. 

Experiment  16.  —  Solubility  of  Solids.  Materials:  About  20 
grams  of  powdered  copper  sulphate,  6  grams  of  powdered  potassium 
chlorate,  I  gram  of  calcium  sulphate. 

(a)  Label  three  test  tubes  I,  II,  III.  Fill  each  about  one  third  full. 
To  I  add  i  gram  of  powdered  copper  sulphate,  to  II  add  i  gram  of 
powdered  potassium  chlorate,  to  III  add  i  gram  of  calcium  sulphate. 
Shake  each  test  tube,  and  then  allow  them  to  stand  undisturbed  for  a 
few  minutes.  Is  there  evidence  of  solubility  in  each  case?  Is  there 
evidence  of  a  varying  degree  of  solubility?  If  III  is  doubtful,  carefully 
transfer  a  portion  of  the  clear  liquid  to  an  evaporating  dish  by  pouring 
it  down  a  glass  rod  (see  Introduction,  §  6  (i )  O)),  and  evaporate  to  dry- 
ness.  Is  there  now  conclusive  evidence  of  solution?  Draw  a  general 
conclusion  from  this  experiment.  Save  solutions  I  and  II  for  (£). 

Tabulate  the  results  of  (a)  as  follows,  using  the  customary  terms  to 
express  the  degree  of  solubility  :  — 

TABLE  OF  SOLUBILITY  OF  TYPICAL  SOLIDS. 


SOLUTE. 

SOLVENT. 

RESULTS. 

i  .    Copper  sulphate 
2.    Potassium  chlorate 
3.   Calcium  sulphate 

Water  at  tempera- 
ture of  labora- 
tory. 

I. 

2. 

3- 

Water. 
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(fr)  Heat  I  and  add  gradually  4  more  grams  of  powdered  copper 
sulphate.  Does  it  all  dissolve?  Heat  II  and  add  4  more  grams  of 
powdered  potassium  chlorate.  Does  it  all,  or  most  all,  dissolve?  What 
general  effect  has  increased  heat  on  the  solubility  of  solids?  What  is 
the  difference  between  this  general  result  and  that  in  Experiment  14? 
Save"  the  solutions  for  (c) . 

(c)  Heat  I  and  II  nearly  to  boiling,  and  as  the  temperature  in- 
creases add  the  respective  solids.  Do  not  boil  the  liquid  away.  Is 
there  a  limit  to  their  solubility?  Draw  a  general  conclusion  from  these 
typical  results. 

Experiment  17.  —  Supersaturatiou.  Material:  Sodium  thio- 
slilphate. 

Fill  a  test  tube  nearly  full  of  crystallized  sodium  thiosulphate  and 
add  a  very  little  water.  Warm  slowly.  As  solution  occurs,  heat 
gradually  to  boiling.  Add  sodium  thiosulphate  until  no  more  will 
dissolve.  Pour  the  solution  into  a  warm,  clean,  dry  test  tube  and 
let  it  stand  until  cool.  Then  drop  in  a  small  crystal  of  sodium  thio- 
sulphate and  watch  for  any  simple  but  definite  change.  What  hap- 
pens? Is  the  excess  of  solid  large?  How  does  a  supersaturated 
solution  differ  from  a  saturated  one? 

Experiment  18.  —  Water  of  Crystallization.  Materials:  Crys- 
tallized sodium  carbonate,  gypsum,  copper  sulphate,  evaporating  dish, 
gauze-covered  ring  (or  tripod). 

(a)  Heat  a  few  small  crystals  of  sodium  carbonate  in  a  dry  test  tube, 
inclining  the  test  tube  so  that  the  open  end  is  the  lower.     What  is  the 
evidence  that  they  contained  water  of  crystallization?     If  there  is  any 
marked  change  in  the  appearance  of  the  crystals,  describe  and  explain  it. 

(b)  Repeat,  using  a  crystal  of  gypsum.     Answer  the  question  asked 
in  (a). 

(c)  Heat  two  or  three  small  crystals  of  copper  sulphate  in  an  evapo- 
rating dish  which  stands  on  a  gauze-covered  ring.     As  the  action  pro- 
ceeds, hold  a  dry  funnel  or  glass  plate  over  the  dish.     Is  there  conclusive 
evidence  of  escaping  water  of  crystallization?     Do  the  crystals  change 
in  color?     In  shape?     Can  the  form  of  the  crystals  be  changed  by 
gently  touching  the  mass  with  a  glass  rod?     Continue  to  heat  until  the 
resulting  mass  is  a  bluish  gray.     Let  the  dish  cool.     Meanwhile  heat  a 
test  tube  one  half  full  of  water.     When  the  dish  has  cooled  somewhat, 
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pour  the  hot  water  slowly  into  the  dish  upon  the  copper  sulphate.  Ex- 
plain the  change  in  color,  if  any.  If  there  are  any  lumps,  crush  them 
with  a  glass  rod.  Let  the  clear  solution  evaporate  for  several  hours. 
Are  crystals  deposited?  If  not,  heat  a  few  minutes,  and  cool  again. 
If  so,  why  ?  Have  they  water  of  crystallization,  and,  if  so,  where  did 
they  get  it? 

Experiment  19.  —  Efflorescence. 

Put  a  fresh  crystal  of  sodium  carbonate  and  of  sodium  sulphate  on 
a  piece  of  filter  paper,  and  leave  them  exposed  to  the  air  for  an  hour  or 
more.  Describe  any  marked  change.  What  does  this  change  show 
about  the  air  ?  About  the  crystal  ? 

Experiment  20.  —  Deliquescence. 

Put  on  a  glass  plate  or  block  of  wood  a  small  piece  of  granulated 
calcium  chloride  and  of  sodium  hydroxide.  Leave  them  exposed  to 
the  air  for  an  hour  or  more.  Describe  any  marked  change  which  takes 
place.  Compare  the  action  with  that  of  Experiment  19. 

Experiment  21.  —  Solution  and  Chemical  Action.  Materials: 
Powdered  tartaric  acid,  sodium  bicarbonate,  lead  nitrate,  potassium  di- 
chromate,  mortar,  dish  of  water. 

(a)  Mix  in  a  dry  mortar  small  but  equal  amounts  of  powdered  tar- 
taric acid  and  sodium  bicarbonate.  Is  there  any  decided  evidence  of 
chemical  action  ?  Pour  the  mixture  into  a  dish  of  water.  Is  there  con- 
clusive evidence  of  chemical  action  ? 

(^)  Repeat,  using  powdered  lead  nitrate  and  powdered  potassium 
dichromate. 

Describe  the  results  in  (a)  and  (K).  How  does  solution  influence 
chemical  action  ?  Why  are  so  many  solutions  used  in  the  laboratory  ? 

Experiment  22. — Electrolysis  of  Water.  (Teacher's  Experi- 
ment.) Materials :  Hofmann  apparatus,  sulphuric  acid,  taper,  matches, 
short  piece  of  capillary  glass  tubing. 

Fill  the  Hofmann  apparatus,  Figure  10,  with  water  containing  10  per 
cent  of  sulphuric  acid,  so  that  the  water  in  the  reservoir  tube  stands  a 
short  distance  above  the  gas  tubes  after  the  stopcock  in  each  has  been 
closed.  Connect  the  platinum  terminal  wires  with  a  battery  of  at  least 
two  cells.  As  the  action  proceeds,  smill  bubbles  of  gas  rise  and  collect 
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at  the  top  of  each  tube.  Allow  the  current  to  operate  until  the  smaller 
volume  of  gas  is  from  8  to  10  centimeters  in  height.  Measure  the 
height  of  each  gas  column.  Assuming  that  the  tubes  have  the  same 
diameter,  the  volumes  are  in  approximately  the  same  ratio  as  their  heights. 
How  do  the  volumes  compare  ? 

Test  the  gases  as  follows :  (a)  Hold  a  glowing  taper  over  the  tube 
containing  the  smaller  quantity  of  gas,  cautiously  open  the  stopcock  to 
allow  the  water  (or  air)  to  run  out  of  the  glass  tip,  and  then  let  out  a 
little  gas  upon  the  glowing  taper.  What  is  the  gas  ?  Repeat  until  the 
gas  is  exhausted.  Care  must  be  taken  not  to  lose  the  gas.  It  is  ad- 
visable to  have  at  hand  several  partially  burned  tapers  or  thin  splints, 
in  case  any  escaping  water  extinguishes  the  first  one.  (b)  Open  the 
other  stopcock  long  enough  to  force  out  the  water  in  the  glass  tip ; 
close  the  stopcock,  and,  by  means  of  a  short  rubber  tube,  attach  the 
capillary  tube  close  to  the  end  of  the  glass  tip.  Open  the  stopcock 
again,  let  out  the  gas  slowly,  and  hold  at  the  same  time  a  lighted  match 
at  the  end  of  the  tip,  then  immediately  thrust  a  taper  into  the  small 
and  almost  colorless  flame.  What  is  the  gas  ?  Repeat  until  the  gas  is 
exhausted. 

EXERCISES  FOR  THE  CLASS: 

(1)  Describe  the  whole  experiment. 

(2)  Draw  a  general  conclusion  from  this  experiment. 

(3)  What  does  this   experiment   show  about  the  composition   of 
water  ? 

(4)  Sketch  the  apparatus. 

Experiment  23.  —  Interaction  of  Water  and  Chlorine.  (Teach- 
er's Experiment.)  Materials:  Glass  tube  I  meter  long  and  about  2 
centimeters  in  diameter,  cork  for  one  end,  evaporating  dish,  chlorine 
water. 

Construct  a  chlorine  generator,  as  described  in  Experiment  38,  and 
prepare  about  250  cubic  centimeters  of  chlorine  water  by  causing  the 
gas  to  bubble  through  a  bottle  of  water  until  the  water  smells  strongly 
of  the  gas.  Close  one  end  of  the  tube  with  a  cork.  The  cork  must 
fit  air  tight,  and  as  a  precaution  should  be  smeared  (after  insertion) 
with  vaseline  or  coated  with  paraffin.  Fill  the  tube  full  of  chlorine 
water,  cover  the  open  end  with  the  thumb  or  finger,  invert  the  tube,  and 
immerse  the  open  end  in  the  evaporating  dish,  which  should  be  nearly 
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full  of  chlorine  water.  Clamp  the  tube  in  an  upright  position,  and  stand 
the  whole  apparatus  where  it  will  receive  the  direct  sunlight  for  at  least 
six  hours.  Bubbles  of  gas  will  soon  appear,  rise,  and  collect  at  the 
top.  When  sufficient  gas  for  a  test  has  collected,  unclamp  the  tube, 
cover  the  open  end  with  the  thumb  or  finger,  invert  the  tube,  and  put  a 
glowing  taper  into  the  gas.  Repeat  as  long  as  any  of  the  gas  remains. 

EXERCISES  FOR  THE  CLASS: 

(1)  What  gas  is  produced  by  the  interaction  of  chlorine  and  water  ? 

(2)  Describe  this  experiment. 

(3)  What  does  it  show  about  the  composition  of  water  ? 

(4)  Sketch  the  apparatus. 

Experiment  24. — Interaction  of  Water  and  Sodium.  Mate- 
rials :  Sodium,  pneumatic  trough  filled  with  water  as  usual,  tea  lead,  for- 
ceps, red  litmus  paper. 

Precaution.  Sodium  should  be  handled  cautiously  and  used  strictly 
according  to  directions.  Small  fragments  must  not  be  left  about  nor 
thrown  into  the  refuse  jar,  but  into  a  large  vessel  of  water  especially  pro- 
vided for  that  purpose. 

(a)  If  the  sodium  is  brown,  scrape  off  the  coating.     Cut  off  a  piece  of 
sodium  not  larger  than  a  small  pea,  and  drop  it  upon  the  water  in  the 
trough.     Stand  far  enough  away  so  that  you  can  just  see  the  action. 
Wait  until  you  are  sure  the  action  has  stopped,  and  then  describe  all  you 
have  seen. 

(b)  The  action  in  (a)  may  be  further  studied  as  follows  :  Fill  a  test 
tube  with  water,  invert  it,  and  clamp  it  in  the  trough  so  that  the  mouth  is 
over  the  hole  in  the  shelf  of  the  trough.     Wrap  a  small  piece  of  sodium 
loosely  in  a  piece  of  tea  lead  about  5  centimeters  (2  inches)  square,  make 
two  or  three  small  holes  in  the  tea  lead,  and  then  thrust  it  under  the 
shelf  of  the  trough  with  the  forceps.      A  gas  will  rise  into  the  test  tube. 
Proceed  similarly  with  additional  small  pieces  of  sodium  and  dry  tea 
lead  until  the  test  tube  is  nearly  full  of  gas ;  then  unclamp  and  remove, 
still  keeping  the  tube  inverted.     Hold  a  lighted  match,  for  an  instant,  at 
the  mouth  of  the  tube.     Observe  the  result,  watching  especially  the 
mouth  of  the  tube.     What   is  the  gas?     WThy?      Remembering   that 
sodium  is  an  element,  where  must  the  gas  have  come  from  ?     If  there  is 
any  doubt  about  the  nature  of  the  gas,  collect  more,  and  subject  it  to 
those  tests  which  will  prove  its  nature. 
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(V)  Put  a  piece  of  filter  paper  on  the  water  in  the  trough,  and  before 
it  sinks  drop  a  small  piece  of  sodium  upon  it.  Stand  back  and  observe 
the  result.  Wait  for  the  slight  explosion  which  usually  occurs  soon 
after  the  action  stops.  Describe  all  you  have  seen.  What  burned? 
What  caused  it  to  burn?  To  what  is  the  vivid  color  probably  due? 
(In  answering  these  questions,  utilize  your  knowledge  (i)  of  the  prop- 
erties of  the  gases  previously  studied,  and  (2)  of  the  usual  accompani- 
ment of  chemical  action,  suggested  here  by  the  melting  of  the  sodium.) 

(d)  Test  the  water  in  the  trough  with  red  litmus  paper.     Push  the 
paper  to  the  bottom  or  to  the  place  where  it  is  certain  that  chemical 
action  between  water  and  sodium  has  taken  place.     Test  until  the  red 
litmus  paper  has  undergone  a  decided  change  in  color.     Describe  this 
final  result.     With  another  piece  of  red  litmus  paper  test  a  solution  of 
sodium  hydroxide.     Is  the  result  similar?     Dip  a  glass  rod  or  the  plati- 
num test  wire  (see  Int.  §  5  (4))  into  this  solution  and  hold  it  in  the 
Bunsen  flame.     Describe  the  result.     Is  the  color  of  this  flame  and  that 
noticed  in  (c}  the  same?     Are  the  dissolved  substances  identical? 

(e)  What  does  the  whole  experiment  show  about  the  composition  of 
water  ? 

THE  AIR. 

Experiment  25.  —  Composition  of  the  Air.  Materials:  Solu- 
tions of  pyrogallic  acid  and  potassium  hydroxide,1  pneumatic  trough  half 
filled  with  water  at  the  temperature  of  the  room,  500  and  25  cubic  centi- 
meter graduated  cylinders.  The  apparatus  consists  of  an  Erlenmeyer 
flask  (250  cubic  centimeters)  provided  with  a  one-hole  rubber  stopper 
into  (but  not  through)  which  passes  a  short  glass  tube  ;  to  the  outer  end 
of  this  tube,  which  projects  2.5  centimeters  (i  inch)  above  the  stopper, 
a  rubber  tube  (5  centimeters  or  2  inches  long)  is  tightly  fastened ;  a 
Hofmann  screw  is  attached  to  the  rubber  tube  close  to  the  end  of  the 
glass  tube. 

(a)  The  volume  of  the  flask  is  found  thus  :  Fill  the  flask  completely 
with  water  from  the  pneumatic  trough.  Loosen  the  screw  and  push 
the  stopper  into  the  flask  as  far  as  it  will  go.  Wipe  the  flask  dry  and 
carefully  remove  the  stopper.  Pour  most  of  the  water  from  the  flask 
into  the  500  cubic  centimeter  graduate,  and  read  the  volume :  the  last 
portions  of  the  water  in  the  flask  should ^be  poured  into  the  25  cubic 

1  The  pyrogallic  acid  is  a  10  per  cent  solution,  and  the  potassium  hydroxide 
50  per  cent. 
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centimeter  graduate,  so  that  the  volume  can  be  read  accurately.  (See 
Fig.  101).  Record  the  total  volume  of  the  flask  as  shown  in  (d). 

(£)  Measure  exactly  10  cubic  centimeters  of  pyrogallic  acid  in  the 
small  graduate  (see  Int.  §  6  (3)  (^)),  and  pour  it  into  the  flask.  Add 
20  cubic  centimeters  of  potassium  hydroxide  solution,  and  insert  the 
rubber  stopper  quickly  and  firmly.  Tighten  the  screw.  Shake  the 
flask  vigorously  for  a  minute.  Then  invert  it  and  watch  the  surface  of 
the  liquid  for  bubbles.  If  any  appear,  the  apparatus  leaks.  Find 
the  leak,  if  any,  start  the  experiment  again  from  (£),  taking  care  to 
remedy  the  defect  before  the  flask  is  shaken.  If  no  bubbles  appear, 
continue  to  shake  at  intervals  from  fifteen  to  twenty  minutes.  During 
this  operation  the  oxygen  is  absorbed  by  the  solution. 

(c)  Place  the  flask  on  its  side  in  the  water  of  the  pneumatic  trough, 
and  open  the  screw,  taking  care  (i)  not  to  let  any  of  the  solution  run 
out,  (2)  nor  to  let  too  much  water  run  in,  and  (3)  to  keep  the  end  of 
the  rubber  tube  constantly  below  the  surface.  After  the  water  has 
stopped  running  in,  remove  the  flask  from  the  trough.  Open  the  flask, 
put  a  glowing  stick  into  the  gas,  and  observe  the  result.  The  gas  is 
nitrogen.  Measure  carefully  the  volume  of  the  final  liquid  in  the  flask. 

(d}  Record  and  calculate  as  follows :  — 

(a)  Volume  of  original  solution  =  30  cc. 

(b)  Capacity  of  flask  =       cc. 

(c)  Volume  of  air  taken  (b  —  a) 

(d)  Final  volume  of  liquid 

(e)  Volume  of  water  which  entered  (d  —  a) 

(f )  Per  cent  of  water  which  entered  (e  -*-  c) 

But  the  per  cent  of  entering  water  equals  the  per  cent  of  gas  ab- 
sorbed, hence 

(g)  Per  cent  of  oxygen 

(h)  Per  cent  of  nitrogen  (100  -  g) 

Experiment  26.  —  Air  contains  Water  Vapor. 

Prove  by  an  experiment  that  air  contains  water  vapor. 

Experiment  27.  —  Air  contains  Carbon  Dioxide. 

(#)  Expose  a  small  bottle-  of  limewater  to  the  air.  After  a  short 
time,  examine  the  surface  of  the  liquid.  Describe  the  change.  Ex- 
plain it. 
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(£)  If  a  blast  lamp  (or  bicycle  pump)  is  available,  replace  the  lamp 
with  a  glass  tube,  and  force  air  through  a  bottle  half  full  of  limewater, 
until  a  definite  change  occurs.  Describe  it.  Explain  it. 

ACIDS,  BASES,  AND   SALTS. 

Experiment  28.  —  General  Properties  of  Acids.  Materials : 
Dilute  sulphuric,  nitric,  and  hydrochloric  acids,  glass  rod,  litmus  paper 
(both  colors),  zinc. 

Fill  separate  test  tubes  one  third  full  of  each  of  the  acids.  Label  the 
tubes  in  some  distinguishing  manner. 

(a)  Dip  a  clean  glass  rod  into  each  acid  and  cautiously  taste  it. 
Describe  the  taste  by  a  single  word. 

(b}  Dip  a  clean  glass  rod  into  each  acid  and  put  a  drop  on  both  kinds 
of  litmus  paper.  The  striking  change  is  characteristic  of  acids  ;  draw  a 
general  conclusion  from  it. 

(c}  Slip  a  small  piece  of  zinc  into  each  test  tube  successively.  If  no 
chemical  action  results,  warm  gently.  Test  the  most  obvious  product 
by  holding  a  lighted  match  inside  of  each  tube.  What  gas  comes  from 
the  hydrochloric  and  sulphuric  acids? 

(d)  Summarize  the  general  results  of  this  experiment. 

Experiment  29.  —  General  Properties  of  Bases.  Materials: 
Litmus  paper  (both  colors),  glass  rod,  sodium  hydroxide  and  potassium 
hydroxide  solutions,  and  ammonium  hydroxide. 

(a}  Rub  a  little  of  each  liquid  between  the  fingers,  and  describe  the 
feeling.  Cautiously  taste  each  liquid  by  touching  to  the  tip  of  the  tongue 
a  rod  moistened  in  each,  and  describe  the  result. 

(b)  Test  each  solution  with  litmus  paper.     Describe  the  result. 

(c)  Summarize  the  general  results  of  this  experiment. 

(d)  Compare  acids  and  bases  as  to  taste  and  to  reaction  with  litmus. 

Experiment  30.  —  A  Property  of  Many  Salts  and  All  Neutral 
Substances.  Materials:  Litmus  paper  (both  colors),  glass  rod,  dilute 
solutions  of  sodium  chloride,  potassium  nitrate,  potassium  sulphate,  and 
barium  chloride. 

Test  each  solution  with  litmus  paper.  Describe  the  result.  Com- 
pare with  the  litmus  reaction  of  acids  and  bases. 

Draw  a  general  conclusion  from  this  experiment. 
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Experiment  31.  —  The  Nature  of  Common  Substances. 

Determine  by  the  litmus  test  the  nature  of  lemon  juice,  vinegar, 
sweet  and  sour  milk,  washing  soda,  borax,  wood  ashes,  faucet  water, 
baking  soda,  sugar,  cream  of  tartar,  the  juice  of  any  ripe  fruit  and  any 
green  fruit. 

Make  a  solution  of  each  of  the  solids  before  testing.  Tabulate  the 
results  as  follows  :  — 

NATURE  OF  COMMON  SUBSTANCES. 


ACID. 


ALKALINE. 


NEUTRAL. 


Experiment  32.  —  Neutralization.  Materials  :  Sodium  hydrox- 
ide (solid),  hydrochloric  acid,  nitric  acid,  silver  nitrate  solution,  blue 
litmus  paper,  glass  rod,  evaporating  dish,  gauze-covered  ring. 

Dissolve  a  small  piece  of  sodium  hydroxide  in  an  evaporating  dish 
half  full  of  water.  Slowly  add  dilute  hydrochloric  acid,  until  a  drop 
taken  from  the  dish  upon  a  glass  rod  reddens  blue  litmus  paper.  Then 
evaporate  to  dryness  by  heating  over  a  piece  of  wire  gauze  supported 
by  a  ring.  Since  the  residue  mechanically  holds  traces  of  the  excess 
of  hydrochloric  acid  added,  it  is  necessary  to  remove  this  acid  before 
applying  any  test.  Heat  the  dish  until  all  the  yellow  color  disappears, 
then  moisten  the  residue  carefully  with  a  few  drops  of  warm  water  and 
heat  again  to  remove  the  last  traces  of  acid.  This  precaution  is  essen- 
tial to  the  success  of  the  experiment. 

Test  a  portion  of  the  residue  with  litmus  paper  to  find  whether  it  has 
acid,  alkaline,  or  neutral  properties.  Taste  a  little.  Test  (a)  a  solu- 
tion of  the  residue  for  a  chloride,  and  (£)  a  portion  of  the  solid  residue 
for  sodium.  (See  Exps.  12  (b)  and  24.)  Draw  a  definite  conclusion 
from  the  total  evidence. 
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HEAT,   LIGHT,   ELECTRICITY,  AND   CHEMICAL  ACTION. 

Experiment  33.  —  Heat  and  Chemical  Action.  Materials : 
Lime,  evaporating  dish,  match. 

Put  a  small  piece  of  lime  in  an  evaporating  dish,  and  sprinkle  a  little 
water  over  it.  Watch  for  a  change.  If  no  marked  change  soon  occurs, 
add  a  little  more  water.  Describe  the  change.  Touch  a  match  to  the 
mass.  Is  there  evidence  of  much  heat?  What  caused  the  heat? 

Experiment  34.  —  Heat  and  Chemical  Action.  Materials:  Sul- 
phur, powdered  iron,  dilute  hydrochloric  acid. 

Put  about  3  grams  of  sulphur  and  3  grams  of  powdered  iron  in  a 
test  tube.  Cover  the  mouth  of  the  test  tube  with  the  thumb  and 
shake  until  the  two  substances  are  well  mixed.  Attach  the  test  tube  to 
the  holder  and  heat  strongly  in  the  •  flame.  As  soon  as  the  sulphur 
melts  and  boils  and  the  contents  give  evidence  of  decided  chemical 
action,  remove  the  test  tube  at  once  from  the  flame,  and  watch  the 
change.  Is  there  evidence  of  heat?  Of  increasing  heat?  Of  much 
heat? 

When  the  tube  is  cool,  break  the  end,  and  examine  the  contents.  De- 
scribe it.  It  is  a  compound  called  iron  sulphide,  and  is  the  product  of 
the  chemical  action  which  was  started  by  heat.  But  the  chemical  action 
itself  was  so  vigorous  that  it  increased  the  heat. 

The  fact  that  the  product  differs  from  the  original  mixture  may  be 
shown  as  follows  :  Add  dilute  hydrochloric  acid  to  a  part  of  the  product 
and  also  to  a  little  of  the  original  mixture,  testing  the  gaseous  product 
in  each  case  by  the  odor.  Is  the  odor  the  same? 

State  briefly  how  heat  and  chemical  action  are  related,  using  this 
experiment  as  an  illustration. 

Experiment  35.  —  Light  and  Chemical  Action.  Materials : 
Potassium  bromide,  silver  nitrate  solution,  funnel,  filter  paper,  glass  rod. 

Dissolve  a  crystal  of  potassium  bromide  in  a  test  tube  one  fourth  full 
of  water,  add  an  equal  volume  of  silver  nitrate  solution,  and  shake.  The 
precipitate  is  silver  bromide.  Describe  it.  Filter  (see  Int.  §  4).  Remove 
the  filter  paper  from  the  funnel,  unfold  it,  and  expose  the  silver  bromide 
for  a  few  minutes  to  the  light  —  sunlight,  if  possible.  Describe  the 
change.  What  caused  the  change?  How  is  this  property  of  silver 
bromide  utilized  ? 
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Experiment  36.  —  Electricity  and  Chemical  Action.  (Teacher's 
Experiment.) 

Repeat  Experiment  22. 
EXERCISES  FOR  THE  CLASS  : 

(1)  Define  electrolysis,  electrode,  electrolyte,  ion,  anion,  cation. 

(2)  State  briefly  the  accepted  explanation  of  the  electrolysis  of  water. 

(3)  Is  hydrogen  an  anion  or  cation?     At  what  electrode  does  it 
collect  ? 

(4)  Answer  the  same  questions  (as  in  3)  about  oxygen. 

Experiment  37.  —  Electricity  and  Chemical  Action.  (Teach- 
er's Experiment.)  Materials:  Starch,  potassium  iodide,  mortar  and 
pestle,  filter  paper,  sheet  tin  (or  iron),  battery  of  two  or  more  cells. 

Grind  together  in  a  mortar  a  lump  of  starch  and  a  crystal  of  potas- 
sium iodide.  Add  enough  water  to  make  a  thin  liquid.  Dip  a  strip  of 
filter  paper  into  the  mixture,  and  spread  the  wet  paper  upon  a  sheet  of 
tin  (or  iron) .  Press  the  end  of  the  wire  attached  to  the  zinc  (of  the 
battery)  upon  the  tin,  and  draw  the  other  wire  across  the  sheet  of 
paper.  The  marks  are  caused  by  iodine  which  is  liberated  from  the 
potassium  iodide  and  colors  the  starch. 

EXERCISES  FOR  THE  CLASS: 

(1)  Describe  briefly  this  experiment. 

(2)  Iodine  is  a  non-metal.     At  what  electrode  is  it  liberated?     Is 
iodine  an  anion  or  a  cation  ? 

CHLORINE. 

{Do  not  inhale  chlorine?) 

Experiment  38.  —  Preparation  of  Chlorine.  Materials:  Con- 
centrated hydrochloric  acid,  30  grams  manganese  dioxide,  bundle  of 
fine  brass  wire,  strip  of  calico,  paper  with  writing  in  lead  pencil  and  in 
ink,  litmus  paper  (both  colors),  taper.  The  apparatus  is  shown  in  Fig- 
ure 104.  It  is  the  same  as  that  used  to  prepare  hydrogen ;  and  there 
are  also  needed  four  bottles,  a  wooden  block  (about  10  centimeters  or 
4  inches  square)  with  a  hole  in  the  center,  and  four  glass  plates  to 
cover  the  bottles. 

Weigh  the  manganese  dioxide  upon  a  piece  of  paper  creased  length- 
wise. Slip  it  into  the  test  tube,  A  (see  Ink  §  6  (e)j.  Arrange  tfoe  appa- 
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ratus  as  shown  in  the  figure.  Pour  enough  concentrated  hydrochloric 
acid  through  the  safety  tube  to  cover  the  man- 
ganese dioxide.  Heat  gently  with  a  small 
flame,  keeping  the  flame  below  the  level  of  the 
contents  of  the  test  tube.  Chlorine  is  rapidly 
evolved  as  a  greenish  gas,  and  passes  into  the 
bottle,  G,  which  should  be  removed  when  full 
(as  seen  by  the  green  color)  and  covered  with 
a  glass  plate ;  the  bottle  may  be  easily  removed 
by  holding  the  block,  F,  in  one  hand  and 
pulling  the  bottle,  G,  aside,  bending  the  whole 
delivery  tube  at  the  same  time  at  the  rubber 
connection,  D.  If  the  evolution  of  gas 
slackens,  add  more  acid  through  the  safety 
tube.  Collect  four  bottles,  and  perform  the 
next  experiment  at  once.  FIG.  104.  —  Apparatus 

arranged    for     preparing 
chlorine. 
Experiment  39.  —  Properties  of  Chlorine. 

Study  as  follows  the  gas  prepared  above :  — 

(a)  Heat  the  bundle  of  brass  wire  and  thrust  it  into  a  bottle  of  chlo- 
rine.    Describe  the  result,  especially  the  evidence  of  chemical  action 
and  of  new  products. 

(£)  Into  a  bottle  of  dry  chlorine  put  a  piece  of 
calico,  litmus  paper  (both  colors),  and  paper  contain- 
ing writing  in  black  and  in  red  ink.  Allow  the  whole 
to  remain  undisturbed  for  a  few  minutes  and  then 
describe  the  change,  if  any.  Add  several  drops  of 
water,  and  describe  the  change.  Draw  a  general  con- 
clusion from  the  whole  experiment. 

(c)  Hold  a  burning  taper  in  a  bottle  of  chlorine 
long  enough  to  observe  the  result.  Draw  a  conclusion. 
Verify  it  thus  :  Fold  a  strip  of  filter  paper  (about  10 
centimeters  or  4  inches  wide)  into  the  shape  shown 

FIG.  105. Fluted    m  Figure  105;  cautiously  heat1  about  10  cubic  centi- 

paper.  meters   of  turpentine  in  a  large  test  tube;   saturate 


1  Hold  the  test  tube  with  the  holder.      Remember  that  turpentine  ignites  easily. 
If  the  turpentine  catches  fire,  press  a  damp  towel  over  it. 
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the  paper  with  the  hot  turpentine  and  drop  it  into  a  bottle  of  chlorine. 
Describe  the  result.  When  the  action  is  over,  examine  the  paper,  and 
draw  a  conclusion  regarding  the  action  between  hot  turpentine  and 
chlorine. 

Wax  (in,  the  taper)  and  turpentine  are  mainly  compounds  of  hydro- 
gen and  carbon.  Explain  the  result  in  (c). 

ANSWER  : 

(1)  Many  metals  act  like  the  brass  in  (a).     What  general  conclu- 
sion can  be  drawn  about  the  reaction  of  chlorine  and  metals  ? 

(2)  What  is  essential  for  the  bleaching  action  of  chlorine  ? 

(3)  What  does  (c)  show  about  the  attraction  between  chlorine  and 
hydrogen  ? 

(4)  What  class  of  chemical  changes  is  illustrated  by  (a)  ?     What 
classes  by  (V)  ? 

(5)  What  class  of  chemical  changes  is  illustrated  by  the  preparation 
of  chlorine? 

(6)  What  three  striking  properties  has  chlorine?      How  can  it  be 
distinguished  from  all  gases  previously  studied? 

Experiment  40.  —  Bleaching  by  Bleaching  Powder.  Mate- 
rials :  Bleaching  powder,  sulphuric  acid,  calico. 

Put  a  little  bleaching  powder  into  a  test  tube  and  add  enough  water 
to  make  a  thin  paste.  Add  a  few  drops  of  dilute  sulphuric  acid,  and 
then  dip  a  strip  of  bright-colored  calico  into  the  mixture.  Remove  the 
calico  in  a  few  minutes,  and  wash  it  with  water.  Describe  the  change 
in  the  calico. 

Experiment  41.  —  Preparation  of  Hydrochloric  Acid.  Mate- 
rials :  The  apparatus  used  in  Experiment  38 ;  20  grams  sodium  chlo- 
ride, concentrated  sulphuric  acid,  pneumatic  trough  filled  with  water  as 
usual,  stick  of  wood,  litmus  paper,  (blue),  ammonium  hydroxide. 

(a)  Put  8  cubic  centimeters  of  water  in  a  small  bottle  or  evaporating 
dish,  cautiously  add  12  cubic  centimeters  of  concentrated  sulphuric  acid, 
and  stir  until  the  two  are  mixed.  While  this  mixture  is  cooling,  weigh 
the  salt,  slip  it  into  the  test  tube,  and  then  arrange  the  apparatus  as 
shown  in  Figure  104.  Pour  half  the  cold  acid  mixture  through  the 
safety  tube,  let  it  settle  through  the  salt,  and  then  add  the  remaining 
acid.  Heat  gently  with  a  low  flame,  as  in  the  preparation  of  chlorine. 
Hydrochloric  acid  gas  is  evolved,  and  passes  into  the  bottle,  which 
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should  be  removed  when  full,  as  directed  under  chlorine.  A  piece  of 
moist  blue  litmus  paper  held  at  the  mouth  of  the  bottle  will  show  when 
it  is  full.  Collect  these  bottles,  cover  each  with  a  glass  plate,  and  set 
aside  until  needed. 

(fr)  As  soon  as  the  third  bottle  of  gas  has  been  collected,  removed, 
and  covered,  put  in  its  place  a  bottle  one  fourth  full  of  water.  Adjust 
its  height  (if  necessary)  by  wooden  blocks  so  that  the  end  of  the 
delivery  tube  is  just  above  the  surface  of  the  water.  Continue  to  heat 
the  generator  at  intervals,  and  the  gas  will  be  absorbed  by  the  water. 
Shake  the  bottle  occasionally. 

Meanwhile  study  the  gas  already  collected. 

Experiment  42. —  Properties  of  Hydrochloric  Acid  Gas. 

Proceed  as  follows  with  the  hydrochloric  acid  gas  prepared  by 
Experiment  41  :  — 

{a}  Insert  a  blazing  stick  of  wood  into  a  bottle.  Remove  as  soon  as 
the  change  is  noticed.  Describe  the  change.  Compare  the  action  with 
the  behavior  of  hydrogen  and  of  oxygen  under  similar  conditions. 

(£)  Hold  a  piece  of  wet  filter  paper  near  the  mouth  of  the  same 
bottle.  Describe  the  result.  What  is  the  cause  ? 

(c}  Invert  a  bottle,  and  stand  it  upon  the  shelf  of  the  pneumatic 
trough.  Describe  any  change  noticed  inside  the  bottle  after  a  few 
minutes.  What  property  of  the  gas  does  the  result  illustrate?  Verify 
the  observation  by  a  simple  test  applied  to  the  contents  of  the 
bottle. 

(d)  Drop  into  the  remaining  bottle  of  gas  a  piece  of  filter  paper  wet 
with  ammonium   hydroxide.     Describe   the  result.     What  name  has 
the  product? 

(e)  State  other  properties  of  hydrochloric  acid  gas  which  you  have 
observed ;  e.g.  color,  odor,  density. 

Proceed  at  once  with  the  next  experiment. 

Experiment  43.  —  Properties  of  Hydrochloric  Acid. 

Remove  the  bottle  in  which  the  hydrochloric  acid  gas  is  being  ab- 
sorbed (see  Exp.  41  (<£)),  and  study  the  solution  as  follows  :  — 

(a)  Determine  its  general  properties,  e.g.  taste  (cautiously),  action 
with  litmus,  and  with  zinc. 

(£)  Add  to  a  test  tube  half  full  of  the  hydrochloric  acid  a  few  drops 
of  nitric  acid  and  of  silver  nitrate  solution.  The  white,  curdy  precipitate 
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is  silver  chloride.  Filter  part  of  the  contents  of  the  test  tube,  and  ex- 
pose the  precipitate  to  the  sunlight.  Describe  the  change  which  soon 
occurs.  To  the  remaining  contents  of  the  test  tube  add  ammonium 
hydroxide,  and  shake.  Describe  the  result. 

Experiment  44.  —  Tests  for  Hydrochloric  Acid  or  a  Chloride. 

(#)  What  is  a  simple  test  for  hydrochloric  acid  gas  or  for  concen- 
trated hydrochloric  acid  ? 

(£)    What  is  the  usual  test  for  hydrochloric  acid  ? 

(<:)  Dissolve  a  little  sodium  chloride  in  a  test  tube  half  full  of  water, 
and  apply  the  test  designated  in  (£).  (Suggestions.  See  Exps.  12  (b) 

and  43  (<*)•) 

COMPOUNDS  OF  NITROGEN. 

Experiment  45.  —  Preparation  of  Ammonia.  Materials  :  1  5  grams 
lime,  15  grams  ammonium  chloride,  3  bottles,  2  glass  plat.es,  pneu- 
matic trough  filled  as  usual,  litmus  paper,  stick  of 
wood,  filter  paper.  The  apparatus  is  shown  (in 
part)  in  Figure  106.  The  large  test  tube,  A,  is 
provided  with  a  one-hole  rubber  stopper  to  which 
is  fitted  the  right-angle  bend,  C,  connected  with  a 
short  glass  tube,  B  (12  centimeters  or  5  inches 
long),  by  the  rubber  tube,  D. 

{a)  Weigh  the  lime  and  ammonium  chloride 
separately,  mix  them  thoroughly  on  a  piece  of 
paper,  and  slip  the  mixture  into  the  test  tube  to 
which  a  little  water  has  been  previously  added. 
Add  a  little  water.  Quickly  insert  the  stopper 
with  its  tubes,  and  clamp  the  test  tube  as  shown 
in  the  figure  (taking  care  not  to  crush  the  test 
tube). 

gli  the  ]ags  delivery  tube  B  into  a  bottle, 
.  .  ,  ,  ,  .  ,  ,  ,  . 

mvert  the  bottle>  and  hold  *  so  that  the  tube  1S 
in  the  position  shown  in  the  figure.     Heat  the 

test  tube  gently  with  a  low  flame,  beginning  near  the  top  of  the  mix- 
ture and  gradually  working  downward.  Ammonia  gas  will  pass  up 
into  the  bottle,  which  should  be  removed  when  full  and  covered  with 
a  glass  plate.  A  piece  of  moist  red  litmus  paper  held  near  the  mouth 
will  show  when  the  bottle  is  full.  Do  not  smell  at  the  mouth  of  the 
bottle.  'Collect  two  bottles  and  set  aside  until  needed. 


FIG.  io6.-Appara- 
tus  for  preparing  and 
collectingammoniagas. 
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(£)  As  soon  as  the  last  bottle  has  been  collected,  rearrange  the  appa- 
ratus to  absorb  the  ammonia  gas  in  water,  as  in  the  case  of  hydrochloric 
acid  (see  Exp.  41  (£)).  Replace  the  short  glass  tube  by  the  delivery 
tube,  £,  which  should  pass  through  the  wooden  block,  F,  into  a  bottle, 
G,  one  fourth  full  of  water,  so  that  the  end  is  just  above  the  surface  of  the 
water  (see  Fig.  104).  Continue  to  heat  the  generator  at  intervals,  and 
the  gas  will  be  absorbed  by  the  water.  Shake  the  bottle  occasionally. 

While  the  solution  is  being  prepared,  study  the  gas  already  collected. 

Experiment  46. —  Properties  of  Ammonia  Gas. 

Proceed  as  follows  with  the  ammonia  gas  prepared  in  Experiment 
45  :  — 

(a)  Test  the  gas  in  one  bottle  with  moist  litmus  paper  and  with  a 
blazing  stick.  Describe  the  result.  Compare  the  action  with  the 
behavior  of  hydrogen,  oxygen,  and  hydrochloric  acid  gas,  under  similar 
circumstances. 

(&)  Invert  the  same  bottle  and  stand  it  upon  the  shelf  of  the  pneu- 
matic trough.  Describe  any  change  noticed  inside  the  bottle.  What 
property  of  the  gas  is  revealed?  Is  it  a  marked  property?  Test  the 
contents  of  the  bottle  with  litmus  paper  (both  colors). 

(c)  Pour  a  few  drops  of  concentrated  hydrochloric  acid  into  an 
empty,  warm,  dry  bottle.  Roll  the  bottle  until  the  inside  is  well  coated. 
Cover  it  with  a  glass  plate,  invert  it,  and  stand  it  upon  a  covered  bottle 
of  ammonia  gas.  Remove  both  plates  at  once,  and  hold  the  bottles 
together  by  grasping  them  firmly  about  their  necks.  Describe  the 
action,  giving  all  the  evidence  of  chemical  action.  What  is  the  white 
product  ? 

Experiment  47. —  Properties  of  Ammonium  Hydroxide. 

Remove  the  bottle  in  which  the  ammonia  gas  is  being  absorbed 
(see  Exp.  45,  (£)),  and  study  the  resulting  ammonium  hydroxide  as 
follows : — 

(a)  Determine  the  general  properties,  e.g.  taste  and  odor  (cau- 
tiously), feeling,  action  with  litmus. 

(£)    Warm  a  little  in  a  test  tube.     What  gas  is  evolved? 

(c)  Try  the  effect  of  ammonium  hydroxide  on  a  grease  spot.  Describe 
the  result. 

Experiment  48. —  Neutralization  of  Ammonia.  Materials  : 
Ammonium  hydroxide,  hydrochloric  acid,  evaporating  dis,h?  sodium 
hydroxide  solution,  litmus  paper,  gauzse-govered  ring. 
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Fill  an  evaporating  dish  one  fourth  full  of  ammonium  hydroxide,  and 
slowly  add  dilute  hydrochloric  acid,  stirring  constantly,  until  the 
solution  is  just  neutral  or  faintly  acid.  Evaporate  to  dryness,  very 
slowly,  on  a  gauze-covered  ring.  Test  the  residue  as  follows  : — 

(a)    Is  it  an  acid,  alkali,  or  salt  ? 

(£)  Warm  a  little  with  sodium  hydroxide  solution.  What  is  formed  ? 
Draw  a  conclusion  as  to  the  nature  of  the  residue. 

(c)  Support  the  dish  on  the  gauze  and  warm  gently  until  a  decided 
change  occurs.     Describe  the  result.     What  compound  do  the  fumes 
suggest? 

(d)  Verify  the  observations  and  conclusions  by  repeating  (b)  and 
(c}  with  ammonium  chloride  from  the  laboratory  bottle. 

(tf)  What  is  the  main  product  of  the  interaction  of  ammonium 
hydroxide  and  hydrochloric  acid? 

Experiment  49. —  Preparation  of  Nitric  Acid.  Materials : 
Glass  stoppered  retort,  sand  bath  pan  and  sand,  bottle,  30  grams  sodium 
nitrate,  20  cubic  centimeters  concentrated  sulphuric  acid,  funnel. 

Weigh  the  sodium  nitrate  and  slip  it  into  the  retort  (  see  Int.  §  6  (i) 
(c)  ).  Attach  the  retort  by  a  clamp  to  an  iron  stand  so  that  (i)  its  bulb 
rests  on  the  sand  bath,  supported  by  a  ring,  and  (2)  the  end  of  its  neck 
passes  into  an  inclined  bottle  which  rests  on  the  table.  The  nitric  acid 
which  is  generated  in  the  bulb  will  pass  down  the  neck  and  condense, 
partly  in  the  neck  and  partly  in  the  bottle.  The  bottle  should  be  partially 
covered  with  a  piece  of  wet  filter  paper,  especially  where  the  neck  of  the 
retort  enters.  It  is  advisable,  though  not  always  necessary,  to  place  a 
block  of  wood  against  the  bottom  of  the  bottle  to  keep  it  in  the  desired 
position. 

Slip  a  funnel  through  the  tubulure  of  the  retort  as  far  as  it  will  reach, 
and  pour  the  acid  through  the  funnel  into  the  retort.  Remove  the  funnel 
and  insert  the  stopper  of  the  retort  tightly.  Heat  gently.  Brown 
fumes  will  appear  in  the  retort,  and  nitric  acid  will  pass  into  the  receiver. 
Distil  at  as  low  a  temperature  as  possible,  as  long  as  any  nitric  acid  runs 
down  the  neck  of  the  retort. 

Pour  the  nitric  acid  into  a  test  tube  or  small  bottle  for  use  in  Experi- 
ment 50. 

Allow  the  contents  of  the  retort  to  cool,  add  a  little  warm  water,  let 
the  whole  stand  until  the  contents  are  loosened,  and  then  pour  into  a, 
bottle  for  use  in  Experiment  53. 
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Experiment  50.  —  Properties  of  Nitric  Acid.  Materials:  Quill 
toothpick,  indigo  solution.  Add  twice  its  volume  of- water  to  the  nitric 
acid  prepared  in  Experiment  49,  and  proceed  as  follows :  — 

(a)  Boil  a  piece  of  a  quill  toothpick  in  a  portion  of  this  diluted  nitric 
acid.  How  is  the. quill  changed  at  first?  What  is  the  effect  of  contin- 
ued heating?  Pour  off  the  acid,  and  wash  the  quill  with  water.  Is  the 
color  permanent? 

(£)  Add  a  dozen  or  more  drops  of  nitric  acid  to  a  dilute  solution  of 
indigo.  Describe  the  change.  Will  ammonium  hydroxide  restore 
the  original*color?  Is  the  change  temporary  or  permanent?  What,  in 
all  probability,  is  the  general  character  of  the  change  —  combination  or 
decomposition?  Draw  a  general  conclusion  from  (a)  and  (£)  regard- 
ing the  action  of  nitric  acid  on  organic  matter,  which  is  typified  by  the 
quill  and  indigo. 

EXERCISES  : 

(1)  What  color  has  nitric  acid? 

(2)  Examine  a  bottle  of  nitric  acid  which  has  been  standing  in  the 
laboratory.     What  can  be  said  of  the  stability  of  nitric  acid? 

(3)  State  other  properties  of  nitric  acid  you  have  observed. 

Experiment  51.  —  Test  for  Nitric  Acid  and  Nitrates.  Materials : 
Concentrated  nitric  and  sulphuric  acids,  ferrous  sulphate,  sodium  nitrate. 

To  a  test  tube  one  fourth  full  of  water  add  a  little  concentrated  nitric 
acid  and  shake.  Add  an  equal  volume  of  concentrated  sulphuric  acid. 
Shake  until  the  acids  are  well  mixed,  then  cool  by  holding  the  test  tube 
in  running  water.  Make  a  cold,  dilute  solution  of  fresh  ferrous  sulphate 
and  pour  this  solution  carefully  down  the  side  of  test  tube  upon  the 
nitric  acid  mixture.  Where  the  two  solutions  meet,  a  brown  or  black 
layer  will  appear,  consisting  of  a  compound  formed  by  the  interaction 
of  the  nitric  acid  and  the  ferrous  sulphate.  It  is  an  unstable  com- 
pound and  will  often  decompose  if  the  test  tube  is  shaken.  Record 
the  observation. 

This  test  is  also  used  for  a  nitrate.  Try  it  with  a  solution  of  sodium 
nitrate.  Record  the  result. 

Experiment  52.  —  A  Special  Test  for  Nitrates.  Materials :  Char- 
coal, block  of  wood,  potassium  nitrate. 

Heat  a  piece  of  charcoal  in  the  Bunsen  flame,  lay  it  on  a  block  of 
wood  or  an  iron  pan,  and  cautiously  sprinkle  powdered  potassium  ni- 
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trate  upon  the  hot  surface.  Stand  back  when  the  action  begins.  Ob- 
serve and  describe  .the  action,  especially  its  violence  and  rapidity,  also 
the  color  of  the  flame,  the  effect  on  the  charcoal,  and  any  other  charac- 
teristic result.  This  kind  of  chemical  action  is  called  deflagration. 
What  causes  it  ? 

Experiment  53.  —  The  Solid  Product  of  the  Interaction  of  So- 
dium Nitrate  and  Sulphuric  Acid.  Materials :  Residue  from  Ex- 
periment 49,  evaporating  dish,  glass  rod,  gauze-covered  ringy  distilled 
water,  barium  chloride  solution,  ferrous  sulphate,  concentrated  sulphuric 
acid. 

Pour  the  solid  residue  obtained  in  Experiment  49  into  an  evaporating 
dish,  and  evaporate  to  dry  ness  over  a  piece  of  wire  gauze  in  the  hood. 
As  the  mass  approaches  pasty  consistency,  lessen  the  heat  to  avoid 
spattering.  When  the  mass  is  dry,  heat  strongly  as  long  as  white, 
choking  fumes  are  evolved.  This  last  operation  is  done  to  remove  all 
traces  of  sulphuric  acid,  and  to  complete  the  chemical  change.  Allow 
the  dish  to  cool  gradually,  and  when  cool,  dissolve  some  of  the  white 
solid  in  distilled  water  and  test  separate  portions  for  a  sulphate  and  ni- 
trate (see  Exps.  12  (c)  and  51).  Which  is  it?  Test  another  portion 
for  sodium  (see  Exp.  24  (d}  ).  What  is  the  name  of  the  white  sub- 
stance ? 

Draw  a  general  conclusion  regarding  the  chemical  action  which  oc- 
curs in  the  preparation  of  nitric  acid  by  the  interaction  of  sulphuric 
acid  and  sodium  nitrate. 

Experiment  54.  —  Interaction  of  Nitric  Acid  and  Metals.  Mate- 
rials :  Zinc,  copper,  tin,  iron,  concentrated  nitric  acid. 

Stand  four  test  tubes  in  the  test-tube  rack,  and  slip  into  each  a  few 
small  pieces  of  one  of  the  following  metals  :  zinc,  copper,  tin,  and  iron. 
Add  to  each  test  tube  in  succession  enough  concentrated  nitric  acid  to 
cover  the  metal.  Observe  the  changes,  particularly  (i)  the  vigor  of  the 
action,  (2)  the  nature  and  properties  of  the  products,  especially  color 
and  solubility,  and  (3)  evidence  of  the  evolution  of  hydrogen.  Tabu- 
late these  observations. 

Experiment  55.  —  Interaction  of  Nitric  Acid  and  Copper,  and 
Study  of  Nitric  Oxide  and  Nitrogen  Peroxide. — Materials:  10 
grams  copper  (borings  or  fine  pieces  of  sheet  metal),  concentrated 
nitric  acid,  pneumatic  trough  filled  as  usual,  three  bottles,  three  glass 


Compounds  of  Nitrogen.  495 

plates,  matches,  piece  of  wire  (15  centimeters  or  6  inches  long)  ;  and 
the  apparatus  used  in  Experiment  8. 

Arrange  the  apparatus  as  in  Experiment  8,  after  putting  the  copper 
into  the  test  tube  (see  Fig.  103).  Insert  the  stopper  tightly,  adjust 
the  delivery  tube,  fill  three  bottles  with  water,  and  invert  them  in  the 
trough.  Pour  just  enough  concentrated  nitric  acid  through  the  safety 
tube  into  the  flask  to  cover  the  copper,  taking  care  to  seal  the  bend  of 
the  safety  tube  with  acid.  Dense  brown  fumes  are  evolved.  If  the 
action  is  too  vigorous,  add  a  little  water  through  the  safety  tube.  Col- 
lect three  bottles  of  the  gas  which  bubbles  from  the  delivery  tube. 
Cover  them  with  glass  plates  and  stand  them  aside  until  needed.  Pour 
the  blue  liquid  in  the  test  tube  into  an  evaporating  dish,  and  evapo- 
rate slowly  to  crystallization  (not  to  dryness)  on  a  gauze-covered  ring  in 
the  hood.  The  crystals,  after  being  dried  between  filter  paper,  should 
be  preserved  in  a  well-stoppered  bottle. 

While  the  solution  is  evaporating,  study  the  gas  as  follows  :  — 

(a)  Observe  its  general  properties  while  covered. 

(b)  Uncover  a  bottle.     Describe  the  result.     Is  the  brown  gas  iden- 
tical in  color  with  the  one  observed  in  the  generator  at  the  beginning 
of  the  experiment? 

(c}  Uncover  a  bottle,  pour  in  about  25  cubic  centimeters  of  water, 
cover  with  the  hand  and  shake  vigorously,  still  keeping  the  bottle 
covered.  Why  has  the  brown  gas  disappeared?  Uncover  the  bottle 
for  an  instant,  then  cover  and  shake  again.  Is  the  result  the  same? 
Repeat,  if  the  result  is  not  definite,  or  does  not  agree  with  previous 
observations. 

(d)  With  the  third  bottle  determine  whether  the  two  gases  will 
burn  or  support  combustion.  A  convenient  flame  is  a  burning  match 
fastened  to  a  stiff  wire.  Plunge  it  quickly  to  the  bottom  at  first  and 
gradually  raise  it  into  the  brown  gas. 

ANSWER  : 

(1)  What  is  the  source  of  the  colorless  gas?    What  is  its  name? 
What  is  the  name  of  the  brown  gas? 

(2)  What  is  the  general  chemical  relation  of  the  two  gases  to  each 
other?     To  the  air  ? 

(3)  Why  is  not  the  brown  gas  collected  in  the  bottles  by  displace- 
ment of  water? 

(4)  Will  either  gas  burn  or  support  combustion? 


496  Experiments. 

(5)  Which  gas  has  been  observed  before?     In  what  experiment? 

(6)  What  is  the  general  relation  of  these  gases  to  nitric  acid? 
Study  the  properties  of  the  crystals  by  determining:  — 

(a)  Solubility  in  water  (cold  and  hot). 

(£)  Action  of  heat. 

(c)  Action  of  their  solution  upon  an  iron  nail. 

(d)  Action  of  their  solution  when  added  to  ammonium  hydroxide. 

(e)  Presence  of  a  nitrate. 

Compare  the  observed  properties  with  those  of  copper  nitrate  ob- 
tained from  the  laboratory  bottle.  Are  the  two  substances  identical? 

Experiment  56.  —  Preparation  and  Properties  of  Nitrous  Oxide. 

Materials :  Ammonium  nitrate,  pneumatic  trough  filled,  as  usual,  with 
warm  water,  three  bottles,  three  glass  plates,  sulphur,  deflagrating 
spoon,  stick  of  wood.  The  apparatus  is  shown  in  Figure  107.  The 
parts  lettered  A,  C,  D,  E  have  been  used  before ;  B,  F,  G,  H  are 
exactly  the  same  as  A,  C,  D,  E  respectively.  (See  page  504.) 

Construct  and  arrange  the  apparatus  as  shown  in  the  figure.  Fill 
the  large  test  tube,  A,  about  half  full  of  ammonium  nitrate.  The  large 
test  tube,  B,  remains  empty.  The  end  of //rests  on  the  bottom  of  the 
pneumatic  trough  as  usual.  It  is  desirable,  though  not  absolutely 
necessary,  to  fill  the  trough  and  bottles  with  warm  water.  Be  sure  the 
apparatus  is  gas-tight. 

Heat  A  gently  with  a  low  flame  (5  centimeters  or  2  inches).  Adjust 
the  apparatus  if  it  leaks.  The  ammonium  nitrate  melts  and  appears  to 
boil.  Regulate  the  heat  so  that  the  evolution  of  the  nitrous  oxide  will  be 
slow.  Notice  the  fumes  which  collect  in  A,  and  the  liquid  which  col- 
lects in  B.  Prepare  three  bottles  of  nitrous  oxide,  free  from  air,  cover- 
ing each  with  a  glass  plate  as  soon  as  removed  from  the  trough.  When 
the  last  bottle  has  been  collected  and  covered,  remove  the  end  of  the 
delivery  tube  from  the  trough. 

Test  the  gas  as  follows  :  — 

(a}  Allow  a  bottle  to  remain  uncovered  for  a  few  seconds.  How 
does  nitrous  oxide  differ  from  nitric  oxide  ? 

(£)  Thrust  a  glowing  stick  of  wood  into  the  same  bottle  of  gas. 
Describe  the  result.  Is  the  gas  combustible?  Does  it  support  com- 
bustion ? 

(<:)  The  observations  in  (£)  suggest  that  the  gas  is  oxygen,  but  it  is 
not,  though  this  fact  is  not  easily  proved  by  a  single  experiment.  Put 
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a  small  piece  of  sulphur  in  a  deflagrating  spoon,  light  it,  and  lower  the 
burning  sulphur  at  once  into  another  bottle  of  gas.  If  the  experiment 
is  conducted  properly,  the  sulphur  will  not  burn  so  brightly  as  it  would 
in  a  bottle  of  oxygen. 

(d)  Stand  the  other  bottle  mouth  downward  in  the  pneumatic 
trough,  or  better,  in  a  vessel  of  cold  water.  Describe  the  result.  If 
the  result  is  not  conclusive,  fill  the  bottle  half  full  of  water,  cover  with 
the  hand,  and  shake.  Does  this  observation  help  distinguish  the  gas 
from  oxygen? 

What  in  all  probability  is  the  other  product  (seen  in  jB)  of  the  chemi- 
cal change  in  this  experiment?  Could  it  have  been  an  impurity  in  the 
ammonium  nitrate?  What  are  the  fumes  noticed  in  A? 

How  would  you  distinguish  ammonium  nitrate  from  all  other  nitrates? 
How  would  you  distinguish  nitrous  oxide  from  (#)  the  other  oxides  of 
nitrogen,  (<£)  air,  (c)  oxygen,  (d)  hydrogen,  (*)  nitrogen,  (/)  carbon 
dioxide? 

Experiment  57.  — Preparation  and  Properties  of  Sodium  Nitrite. 

Materials:  10  grams  sodium  nitrate,  20  grams  lead,  iron  sand  bath 
pan,  glass  rod. 

Heat  the  mixture  of  lead  and  sodium  nitrate  on  the  sand  bath  pan, 
which  stands  on  the  ring  of  an  iron  stand.  Stir  the  melted  mass  with 
a  glass  rod.  Some  of  the  lead  will  disappear  and  a  yellowish  brown 
powder  will  be  seen  in  the  molten  mass.  The  action  should  proceed 
until  most  of  the  lead  has  disappeare.d.  Allow  the  mass  to  cool,  trans- 
fer to  a  mortar,  pulverize,  add  hot  water,  and  filter  the  clearer  portion ; 
add  more  hot  water  to  the  residue,  and  filter  this  portion.  This  oper- 
ation extracts  the  sodium  nitrite.  Add  to  the  combined  filtrates  several 
drops  of  concentrated  sulphuric  acid.  Describe  the  result.  How  does 
the  result  compare  with  the  action  of  concentrated  sulphuric  acid  on 
sodium  nitrate?  The  yellowish  product  is  lead  oxide.  What  general 
chemical  change  led  to  its  formation?  How  must  the  nitrate  have  been 
changed  ? 

Experiment  58. — Aqua  Hegia.  Materials:  Gold  leaf,  concentrated 
nitric  and  hydrochloric  acids,  glass  rod. 

Touch  a  small  piece  of  gold  leaf  with  the  end  of  a  moist  glass  rod, 
and  wash  the  gold  leaf  into  a  test  tube  by  pouring  a  few  cubic  centi- 
meters of  concentrated  hydrochloric  acid  down  the  rod.  Heat  gently 
until  the  acid  just  begins  to  boil.  Does  the  gold  dissolve?  Wash  an- 
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other  piece  of  gold  leaf  into  another  test  tube  with  concentrated  nitric 
acid,  and  heat  as  before.  Does  the  gold  dissolve?  Pour  the  contents 
of  one  tube  into  the  other,  and  warm  gently.  Does  the  gold  dissolve? 
Draw  a  conclusion. 

ANSWER  : 

(1)  What  is  the  literal  meaning  and  significance  of  the  term  aqua 
regia  ? 

(2)  What  other  metals  does  aqua  regia  dissolve? 

(3)  What  is  the  chemical  action  of  aqua  regia  on  gold? 

(4)  Upon  what  property  of  nitric  acid  does  the  action  of  aqua  regia 
depend? 

CARBON. 

Experiment  59.  —  Distribution  of  Carbon.  Materials:  Hessian 
crucible,  sand,  wood,  cotton,  starch,  sugar,  glass  tube  (or  rod),  candle, 
block  of  wood. 

(#)  Cover  the  bottom  of  a  Hessian  crucible  with  a  thin  layer  of  sand. 
Put  on  the  sand  a  small  piece  of  wood,  a  small,  compact  wad  of  cotton, 
and  a  lump  of  starch.  Fill  the  crucible  loosely  with  dry  sand,  and 
slip  it  into  the  ring  of  an  iron  stand.  Heat  with  a  flame  which  extends 
just  above  the  bottom  of  the  crucible  until  the  smoking  ceases  (approxi- 
mately 20  minutes).  After  the  crucible  has  cooled  sufficiently  to  handle, 
pour  the  contents  out  upon  a  block  of  wood  or  an  iron  pan.  Examine 
the  contents.  What  is  the  residue?  What  is  hereby  shown  about  the 
distribution  of  carbon  ? 

While  the  crucible  is  heating,  do  the  following :  — 

(b)  Heat  about  I  gram  of  sugar  in  an  old  test  tube  until  the  vapors 
cease  to  appear.     What  is  the  most  obvious  product? 

(c)  Close  the  holes  at  the  bottom  of  a  lighted  Bunsen  burner,  and 
hold  a  glass  tube  in  the  upper  part  of  the  flame  long  enough  for  a  thin 
deposit  to  form.     Examine  it,  name  it,  and  state  its  source. 

(d)  Hold  a  glass  tube  in  the  flame  of  a  candle  which  stands  on  a 
block  of  wood,  and  compare  the  result  with  that  in  (c}. 

Draw  a  general  conclusion  regarding  the  distribution  of  carbon. 

Experiment  60.  —  Decolorizing  Action  of  Charcoal.  Materials: 
Animal  charcoal,  indigo  solution,  filter  paper  and  funnel. 

Fill  a  test  tube  one  fourth  full  of  powdered  animal  charcoal  as  follows  : 
Fold  a  narrow  strip  of  smooth  paper  so  that  it  will  slip  easily  into  the 
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test  tube ;  place  the  powder  at  one  end  of  the  troughlike  holder,  slowly 
push  the  paper  into  the  test  tube,  holding  both  tube  and  paper  in  a 
horizontal  position ;  now  hold  the  tube  upright,  and  the  powder  will 
slip  from  the  paper.  Add  10  cubic  centimeters  of  indigo  solution,  shake 
thoroughly  for  a  minute,  and  then  warm  gently.  Filter  through  a  wet 
filter  paper  into  a  clean  test  tube.  Compare  the  color  of  the  filtrate 
with  that  of  the  indigo  solution.  Explain  the  change  in  color. 

Other  organic  substances  besides  indigo  are  similarly  changed. 
Draw  a  general  conclusion  regarding  the  decolorizing  power  of  char- 
coal. 

Experiment  61. — Deodorizing  Action  of  Charcoal.  Materials: 
Wood  charcoal,  hydrogen  sulphide  solution,  test  tube,  and  cork. 

Smell  of  a  weak  solution  of  hydrogen  sulphide  gas.  Fill  a  test  tube 
half  full  of  powdered  wood  charcoal  as  in  Experiment  60,  add  a  little 
hydrogen  sulphide  solution,  and  cork  securely.  If  the  tube  leaks,  make 
the  opening  gas-tight  with  vaseline.  Shake  thorou^jily.  After  fifteen 
or  twenty  minutes,  remove  the  stopper  and  smell  of  the  contents.  Is  the 
odor  much  less  offensive?  Repeat,  unless  a  definite  result  is  obtained. 
Explain  the  change. 

Experiment  62.  —  Preparation  of  Carbon  Dioxide.  Materials : 
Lumps  of  marble,  sand,  concentrated  hydrochloric  acid,  stick  of  wood, 
candle  fastened  to  a  wire,  limewater,  four  bottles.  Use  the  same 
apparatus  as  in  the  preparation  of  hydrogen  (see  Exp.  8). 

Cover  the  bottom  of  the  test  tube  with  sand,  add  a  little  water,  and 
carefully  slip  into  it  half  a  dozen  small  lumps  of  marble.  Arrange  the 
apparatus  to  collect  the  gas  over  water,  as  previously  directed.  Add 
through  the  safety  tube  just  enough  concentrated  hydrochloric  acid  to 
cover  the  marble.  Collect  four  bottles,  cover  with  glass  plates  or  wet 
filter  paper,  and  stand  aside  till  needed. 

Allow  the  action  in  the  flask  to  continue,  and  preserve  the  contents 
for  Experiment  64. 

Proceed  at  once  to  the  next  experiment. 

Experiment  63.  —  Properties  of  Carbon  Dioxide. 

Study  the  properties  of  carbon  dioxide  gas  as  follows  :  — 
(a)  Plunge  a  burning  stick  several  times  into  one  bottle.     Describe 
the  result. 
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(^)  Lower  a  lighted  candle  into  a  bottle  of  air,  and  invert  a  bottle 
of  carbon  dioxide  over  it,  holding  the  bottles  mouth  to  mouth.  Describe 
the  result.  What  does  this  result  show  about  the  density  of  carbon 
dioxide  ? 

(c)  Pour  a  little  limewater  into  a  bottle  of  carbon  dioxide,  cover 
with   the   hand,   and   shake   vigorouslf.      Describe    and    explain   the 
result. 

(d)  Fill  a  bottle  of  carbon  dioxide  one  third  full  of  water,  cover 
tightly  with  the  hand,  and  shake  vigorously.     Invert,  still  covered,  in 
the  pneumatic  trough.      Does   the  result  reveal  any  facts  about  the 
solubility  of  carbon  dioxide  ? 

EXERCISES  : 

(1)  Describe  the  preparation  of  carbon  dioxide. 

(2)  What  do  (a)  and  (b)  show  about  the  relation  of  carbon  dioxide 
to  combustion? 

(3)  What  is  the  test  for  carbon  dioxide  ? 

(4)  What  chemical  changes  occur  in  the  test  for  carbon  dioxide? 

Experiment  64.  —  The  Solid  Product  of  the  Interaction  of 
Calcium  Carbonate  and  Hydrochloric  Acid. 

Filter  the  contents  of  the  test  tube  into  an  evaporating  dish,  adding 
a  little  warm  water  beforehand,  if  the  contents  are  solid.  Evaporate  to 
dryness  in  the  hood  over  a  free  flame  as  long  as  much  liquid  remains. 
As  the  residue  approaches  pasty  consistency,  add  a  little  water,  stand 
the  dish  on  a  gauze-covered  support,  and  move  the  lighted  burner 
underneath.  Heat  the  residue  until  no  fumes  of  hydrochloric  acid  are 
evolved.  Dissolve  some  of  the  residue  in  distilled  water  and  test 
portions  for  (a)  a  chloride  and  (<£)  a  calcium  compound  (see 
Exp.  12  (£),  (*/)).  If  a  calcium  compound  is  found,  confirm  the  obser- 
vation thus  :  Dip  a  clean,  moist  platinum  test  wire  (see  Int.  §  5  (4)  ) 
into  the  solid  residue,  and  hold  it  in  the  Bunsen  flame.  If  calcium  is 
present,  the  flame  will  be  colored  a  yellowish  red. 

What  is  the  residue?     Verify  the  conclusion  by  a  simple  experiment. 

Experiment  65.  —  Carbon  Dioxide  and  Combustion.  Materials : 
Limewater,  glass  tube,  candle  attached  to  wire,  stick  of  wood,  two 
bottles. 

(a)  Exhale  through  a  glass  tube  into  a  test  tube  half  full  of  lime- 
water.  Describe  and  explain  the  result. 
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(^)  Lower  a  lighted  candle  into  a  bottle  and  allow  it  to  burn  for  a  few 
minutes.  Remove  the  candle,  pour  a  little  limewater  into  the  bottle, 
and  shake  vigorously.  Describe  and  explain  the  result. 

(V)  Allow  a  stick  of  wood  to  burn  for  a  short  time  in  a  bottle  (not 
the  one  used  in  (£)),  and  then  proceed  as  in  (b).  Describe  the  result. 
Does  it  confirm  the  results  obtained  in  (#)  and  (£)  ? 

(d}  Repeat  (c),  using  a  piece  of  paper  in  place  of  the  wood.  De- 
scribe the  result.  Does  it  confirm  the  results  obtained  in  (#),  (£),  and 

(0? 

ANSWER: 

(1)  What  is  the  source  of  the  carbon  dioxide  in  (#)? 

(2)  What  is  one  of  the  gases  escaping  from  chimneys?     From  a 
burning  lamp  ? 

Experiment    66. — Carbonic    Acid.       (Teacher's    Experiment.) 

Materials:  Solutions  of  sodium  hydroxide  and  phenolphthalein,  bottle, 
and  the  carbon  dioxide  generator  used  in  Experiment  62. 

Construct  and  arrange  the  carbon  dioxide  generator  as  in  Experiment 
62.  Fill  the  bottle  nearly  full  of  water,  add  a  few*  drops  of  a  solution  of 
phenolphthalein l  and  just  enough  sodium  hydroxide  solution  to  color 
the  liquid  a  faint  magenta.  Allow  a  slow  current  of  carbon  dioxide 
to  bubble  through  the  liquid  in  the  bottle,  until  a  definite  change  is 
produced  in  the  absorbing  liquid.  Describe  and  explain  it. 

Experiment  67.  —  Preparation  and   Properties    of    Carbonatea 

Materials:  Marble,  sand,  concentrated  hydrochloric  acid,  limewater. 
The  apparatus  is  the  same  as  that  used  in  Experiment  62. 

(a)  Prepare  a  carbon  dioxide  generator  as  in  Exp.  62,  and  attach  it  by 
a  clamp  to  an  iron  stand  so  that  the  end  of  the  delivery  tube  reaches  to 
the  bottom  of  a  bottle  half  full  of  limewater.  Pass  the  gas  slowly  into 
the  limewater  until  considerable  precipitate  is  formed.  Remove  the 
bottle  and  let  the  precipitate  settle. 

(£)  Meanwhile  pass  carbon  dioxide  slowly  for  about  five  minutes  into 
a  test  tube  nearly  full  of  a  dilute  solution  of  sodium  hydroxide. 

(c)  Examine  the  precipitate  from  (a)  as  follows :  Pour  off  most  of 
the  liquid  without  disturbing  the  solid  (see  Int.  §  6  (i)  (#)).  Dip  a  glass 
tube  into  limewater,  remove  it,  and  a  drop  will  adhere  to  the  end. 

iThis  compound  is  magenta  in  alkaline  solutions  and  colorless  in  acid  solutions. 
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Pour  a  little  hydrochloric  acid  into  the  test  tube,  shake,  and  hold  the 
"limewater  tube  "  in  the  escaping  gas.  Observe  the  change  in  the  drop 
of  limewater.  If  no  change  occurs,  add  more  acid  to  the  precipitate. 
What  is  the  liberated  gas ?  What  is  the  precipitate?  How  was  the 
latter  formed? 

(d)  Proceed  as  in  (V)  with  the  solution  obtained  in  (£).  What  is 
the  liberated  gas?  From  what  compound  did  it  come?  How  was  this 
compound  formed?  How  does  it  differ  from  the  one  formed  in  (a)  ? 

ANSWER  : 

(1)  What  is  the  test  for  a  carbonate? 

(2)  How  may  limewater  be  distinguished  from  a  solution  of  sodium 
or  potassium  hydroxide? 

Experiment  68.  —  Detection  of  Carbonates.  Materials :  Hydro- 
chloric acid,  limewater,  glass  tube  ;  baking  soda,  washing  soda,  baking 
powder,  native  chalk,  tooth  powder,  white  lead,  whiting,  old  mortar  (or 
plaster) . 

Put  a  little  of  each  of  the  above  solids  in  separate  test  tubes,  add  a 
little  water  and  dilute  -hydrochloric  acid,  and  shake ;  hold  the  "  lime- 
water  tube  "  in  the  escaping  gas,  as  in  Experiment  67.  If  the  action  is 
not  marked,  warm  the  test  tube.  Describe  the  result  in  each  case. 

Experiment  69.  —  Acid  Calcium  Carbonate.  Materials :  Lime- 
water  and  the  carbon  dioxide  generator  used  in  Experiment  62. 

Pass  carbon  dioxide  into  a  test  tube  half  full  of  limewater  until  the 
precipitate  disappears.  Filter,  if  the  liquid  is  not  perfectly  clear,  and 
then  heat.  Describe  the  change.  Explain  the  three  changes  which 
take  place  in  the  test  tube. 

Experiment  70.  —  Preparation  and  Properties  of  Carbon  Mo- 
noxide. (Teacher's  Experiment.)  Materials :  Oxalic  acid,  concen- 
trated sulphuric  acid,  limewater,  pneumatic  trough  filled  as  usual,  three 
bottles,  three  glass  plates.  The  apparatus  is  shown  in  Figure  107 
(p.  504). 

Precaution.  Carbon  monoxide  and  oxalic  acid  are  poisonous.  Hot 
sulphuric  acid  is  dangerous.  Perform  this  experiment  with  unusual 
care. 

Put  10  grams  of  oxalic  acid  in  the  large  test  tube,  A,  and  add  25 
cubic  centimeters  of  concentrated  sulphuric  acid.  Put  enough  lime- 
water  in  B  to  cover  the  end  of  the  tube,  &  The  end  of  H  should  rest 
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on  the  bottom  of  the  pneumatic  trough  just  beneath  the  hole  in  the 
shelf.  Heat  the  tube,  A,  gently,  and  carbon  monoxide  will  be  evolved. 
A  small  flame  must  be  used,  because  the  gas  is  rapidly  evolved  as  the 
heat  increases.  It  is  advisable  to  remove  or  lower  the  flame  as  bubbles 
appear  in  the  tube,  B,  —  regulate  the  heat  by  the  effervescence.  Collect 
all  the  gas,  but  do  not  use  the  first  bottle,  covering  the  bottles  with 
glass  plates  as  they  are  filled,  and  setting  them  aside  temporarily. 
When  the  last  bottle  has  been  collected  and  covered,  loosen  the  stop- 
per in  B,  remove  the  end  of  H  from  the  water  in  the  trough,  and  if  gas 
is  still  being  evolved,  stand  the  whole  apparatus  in  the  hood. 
Test  the  gas  thus  :  — 

(a)  Notice  that  it  is  colorless. 

(b)  Hold  a  lighted  match  at  the  mouth  of  a  bottle  for  an  instant. 
Note  the  flame,  especially  its  color  and  how  it  burns.     After  the  flame 
has  disappeared,  drop  a  lighted  match  into  the  bottle.     Describe  the 
result.     Draw  a  conclusion  and  verify  it  by  (<:)• 

(£)  Burn  another  bottle  of  gas,  and  after  the  flame  has  disappeared 
pour  limewater  into  the  bottle  and  shake.  Describe  the  result. 

EXERCISES  FOR  THE  CLASS: 

(1)  What  gas  besides  carbon  monoxide  was  produced,  as  shown 
by£? 

(2)  Summarize  the  observed  properties  of  carbon  monoxide. 

(3)  What  is  the  chemical  relation  of  the  two  oxides  of  carbon? 

(4)  How  can  the  two  oxides  be  changed  into  each  other?    What 
two  general  processes  do  the  changes  illustrate? 

Experiment  71.  —  Preparation  and  Properties  of  Ethylene. 
(Teacher's  Experiment.)  Materials:  Alcohol,  concentrated  sulphuric 
acid,  sand,  pneumatic  trough  filled  as  usual,  two  bottles,  limewater. 
The  apparatus  is  that  used  in  Experiment  70. 

Precaution.  A  mixture  of  ethylene  and  air  explodes,  if  ignited. 
Hot  sulphuric  acid  is  dangerous.  Guard  against  flames,  leaks,  and 
breakage. 

Put  5  cubic  centimeters  of  water  in  a  test  tube  and  slowly  pour  upon 
it  15  cubic  centimeters  of  concentrated  sulphuric  acid.  Cool  the  acid 
by  holding  the  test  tube  in  a  stream  of  cold  water.  Put  5  to  7  cubic 
centimeters  of  alcohol  in  the  test  tube,  A,  add  a  little  clean  sand,  and 
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then  slowly  pour  in  the  cold  acid.    The  test  tube,  B,  remains  empty.    A 
dish  should  stand  under  A  to  catch  the  contents,  in  case  of  accident. 

Adjust  the  apparatus  as  shown  in  Figure 
107,  taking  care  not  to  crush  the  test  tubes. 
Heat  the  test  tube,  A,  gently  between  the 
bottom  and  the  surface  of  the  contents  to 
detect  any  leaks  in  the  apparatus.  Readjust, 
if  necessary.  Heat  gently  to  drive  out  the 
air,  and  when  it  is  judged  that  the  gas  which 
is  being  evolved  is  ethylene,  collect  two 
bottles.  As  the  heat  increases,  the  mixture 
is  apt  to  froth  or 
"  bump  "  ;  sometimes 
the  gas  is  evolved  sud- 
denly. Hence  the  heat 
must  be  so  regulated 
that  the  evolution  of 
gas  is  slow.  Especial 
care  must  be  taken  not 
to  heat  the  test  tube 
above  the  surface  of 
the  contents,  otherwise 
a  sudden  movement  of  the  hot  liquid  might  crack  the  test  tube.  As  soon 
as  the  gas  has  been  collected,  remove  the  tube,  //,  from  the  water,  and 
if  the  ethylene  is  still  being  evolved,  stand  the  apparatus  in  the  hood. 
When  the  tube,  A,  is  cool  enough  to  handle,  pour  the  contents  down 
the  sink  or  into  a  receptacle  especially  provided  for  dangerous  mixtures. 
Test  the  gas  by  holding  a  lighted  match  at  the  mouth  of  a  bottle. 
Observe  and  record  the  color  and  temperature  of  the  flame,  its  luminos- 
ity, rapidity  of  combustion,  visible  products,  and  any  other  character- 
istic properties.  Repeat  with  the  other  bottle,  and  carefully  observe 
properties  needing  confirmation.  Add  a  little  limewater  to  one  of  the 
bottles  in  which  the  gas  was  burned,  shake,  and  explain  the  result. 
What  evidence  does  this  experiment  present  regarding  the  composition 
of  ethylene? 

Experiment  72. — Preparation  and  Properties    of    Acetylene. 

Fill  a  test  tube  nearly  full  of  water,  stand  the  test  tube  in  a  rack,  and 
drop  two  or  three  very  small  pieces  of  calcium  carbide  into  the  test 
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tube.  Acetylene  is  evolved.  After  the  action  has  proceeded  long 
enough  to  expel  the  air,  light  the  gas  by  holding  a  lighted  match  at  the 
mouth  of  the  tube.  Observe  and  record  the  nature  of  the  flame,  espe- 
cially its  color,  intensity,  visible  products  (if  any),  temperature,  etc. 
Hold  a  cold  glass  plate  or  bottle  over  the  flame.  What  does  the  result 
suggest  about  the  composition  of  acetylene?  What  other  evidence  of 
its  composition  is  revealed  by  the  properties  of  the  flame? 

Experiment  73.  —  Preparation  and  Properties  of  Illuminating 
(Coal)  Gas.  (Teacher's  Experiment.)  Materials :  Soft  coal,  asbestos, 
pneumatic  trough  filled  as  usual,  three  bottles,  litmus  paper,  filter  paper, 
lead  acetate  (or  nitrate)  solution.  The  apparatus  is  shown  in  Figure  108. 
A  A'  is  an  ignition  tube  from  10  to  15  centimeters  (4  to  6  inches)  long.  A 
spiral  of  copper  wire  is  placed  near  A',  and  the  tube  is  supported  by  a 
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FlG.  108.  —  Apparatus  for  preparing  illuminating  gas  from  soft  coal. 

clamp  between  the  wire  and  the  end  of  the  tube.  An  empty  test  tube 
or  bottle  is  connected  with  the  combustion  tube  by  a  bent  tube  passing 
to  the  bottom  of  B ';  this  vessel  retains  tarry  matter,  which  comes  from 
the  ignition  tube.  The  U-tube  contains  moistened  pink  litmus  paper 
in  the  limb  (7,  and  a  narrow  strip  of  filter  paper  moistened  with  a  lead 
compound  (nitrate  or  acetate)  in  the  limb  C',  the  latter  serving  to  detect 
hydrogen  sulphide.  The  bottle,  Z>,  which  maybe  any  convenient  size, 
is  connected  as  shown  in  the  figure,  and  is' to  be  one  third  full  of  lime- 
water.  The  tube,  E,  is  to  be  connected  with  a  delivery  tube  passing  into 
a  pneumatic  trough  arranged  to  collect  a  gas  over  water. 

Fill  AA'  two  thirds  full  of  coarsely  powdered  soft  coal,  which  should 
be  held  in  place  with  a  loose  plug  of  shredded  asbestos.  See  that  all 
connections  are  gas-tight  by  heating  the  ignition  tube  gently ;  if  the 
apparatus  is  tight,  the  expanded  air  will  bubble  through  the  bottle  D. 
Readjust,  if  necessary. 
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Heat  the  whole  ignition  tube  .gently  at  first,  and  gradually  increase 
the  heat,  but  avoid  heating  either  end  very  hot,  otherwise  the  closed 
end  may  soften  and  burst  or  the  rubber  stopper  may  melt.  As  the  heat 
increases,  watch  for  marked  changes  in  L\  CC',  and  D.  As  soon  as  the 
slow  bubbling  shows  that  all  air  has  been  driven  out  of  the  apparatus, 
collect,  as  previously  directed,  two  bottles  of  the  gas  evolved.  Cover 
the  bottles  with  wet  filter  paper  as  soon  as  they  are  removed  from  the 
trough.  When  the  last  bottle  has  been  removed,  disconnect  the  ap- 
paratus at  any  convenient  point  between  A'  and  C.  Let  the  ignition 
tube  cool. 

Test  the  gas  by  holding  a  lighted  match  near  the  mouth  of  a  bottle. 
Observe  and  record  the  color  and  heat  of  the  flame.  Is  smoke  formed  ? 
Repeat  with  the  remaining  bottle,  and  observe  more  closely  any  facts 
suggested,  but  not  clearly  shown,  by  the  first  observations. 

Examine  the  contents  of  the  ignition  tube.  Does  it  resemble  coke 
or  some  form  of  carbon  ?  Examine  the  bottle,  B,  for  tarry  matter. 
Does  the  paper  in  C  show  the  formation  of  ammonia  ?  If  the  paper  in 
C  is  black  or  brown,  it  is  caused  by  lead  sulphide,  which  is  formed  by 
the  interaction  of  hydrogen  sulphide  and  a  lead  compound.  Did  the 
gas  contain  hydrogen  sulphide  ?  Did  the  bottle,  £>,  show  the  formation 
of  carbon  dioxide  ? 

EXERCISES  FOR  THE  CLASS: 

(1)  Describe  briefly  the  whole  experiment 

(2)  Sketch  the  apparatus. 

(3)  Summarize  the  properties  of  coal  gas. 

Experiment  74.  —  Combustion  of  Illuminating  Gas.  Materials  : 
Pointed  glass  tube  (see  Int.  §  3  (*)),  bottle,  limewater.  • 

Attach  a  pointed  glass  tube  to  the  rubber  tube  connected  with  the  gas 
jet,  and  lower  a  small  flame  into  a  cold,  dry  bottle.  Observe  at  once 
the  most  definite  result  inside  the  bottle.  Remove  and  extinguish  the 
flame,  add  a  little  limewater  to  the  bottle,  and  shake.  What  are  the 
two  products  of  the  combustion  of  coal  gas  ?  What  do  the  observa- 
tions show  about  the  composition  of  the  main  constituents  of  coal  gas  ? 

Experiment  75.  —  Construction  of  a  Bunsen  Burner. 
Take  apart  a  Bunsen  burner  and  study  the   construction.     Write 
a  short  description  of  the  burner.     Sketch  the  essential  parts. 
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Experiment  76.— Bunsen  Burner  Flame.  Materials:  Glass  tube, 
powdered  wood  charcoal,  pin,  copper  wire,  wire  gauze. 

I.  (a)    Close  the  holes  at  the  bottom  of  a  Bunsen  burner  and  hold  a 
glass  tube  in  the  upper  part  of  the  flame.     Note  the  black  deposit. 
What  is  it?    Where  did  it  come  from?      Open  the  holes  and  hold  the 
blackened  tube  in  the  colorless  flame.     What  becomes  of  the  deposit? 
How  is  the   flame  changed,  if  at  all?      What   does   the   experiment 
suggest  about  the  luminosity  of  flame? 

(b)  Dip  a  glass  tube  a  short  distance  into  powdered  wood  charcoal, 
place  the  end  containing  the  charcoal  in  one  of  the  holes  at  the  bottom 
of  the  burner,  and  blow  gently  two  or  three  times  into  the  other  end. 
Describe  and  explain  the  result.  Does  it  verify  the  answer  to  the  last 
question  in  («)  ? 

(^)  Open  and  close  the  holes  of  a  lighted  burner  several  times. 
Describe  the  result.  Pinch  the  rubber  tube  to  extinguish  the  flame, 
then  light  the  gas  at  the  holes.  What  change  is  produced  in  the  flame? 
What  causes  the  change? 

ANSWER  : 

(1)  What  is  the  object  of  the  holes? 

(2)  Why  does  the  gas  burn  at  the  top  and  not  inside  of  the  burner? 

(3)  Why  does  the  flame  sometimes  "strike  back1'  and  burn  inside? 

(4)  Why  is  the  Bunsen  flame  nonluminous? 

II.  (a}   Hold  a  match  across  the  top  of  the  tube  of 
a  lighted  Bunsen  burner.     When  it   begins  to  burn, 
remove  and  extinguish  it.     Note  where  it  is  charred, 

and  explain  the  result. 
Press  a  piece  of  wire 
gauze  down  upon  the 
flame.      Describe    the 
appearance  of  the  gauze. 
The  same  fact  may  be 
shown  by  sticking  a  pin  through  a  (sul- 
phur) match,  suspending  it  across  the 
burner,  and  then  lighting  the  gas.     The    phur  match  sus- 
position  of  the  match  is  shown  in  Figure    pended  across  the 

109.     Turn  on  a  full    '°p  °f  a  Bunsen 

FIG.  no.  — Bent  tube  for  ex-  burner, 

amining  the  structure  of  a  Bun-      current  Of  gas  before 
sen  flame.  lighting    it.     What    does   the    whole 


FIG.  109.— Sul- 
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experiment  show  about  the  structure  of  the  lower  part  of  the  Bunsen 
flame?  Verify  your  answer  by  (<£). 

(£)  Bend  a  glass  tube  about  15  centimeters  (6  inches)  long  into 
the  shape  shown  in  Figure  no.  Hold  the  shorter  arm  in  the  flame 
about  2  centimeters  (i  inch)  from  the  top  of  the  burner  tube.  Hold 
a  lighted  match  for  an  instant  at  the  upper  end  of  the  tube.  What 
does  the  result  show  about  the  structure  of  the  Bunsen  flame?  Does  it 
verify  (a)  ? 

(c)  Find  the  hottest  part  of  the  flame,  when  a  full  current  of  gas  is 
burning,  by  holding  a  copper  wire  in  the  flame.  Measure  its  distance, 
approximately,  from  the  top  of  the  burner  tube. 

(W)  Examine  a  typical  Bunsen  flame  —  one  which  shows  clearly  the 
outlines  of  the  inner  part.  What  is  the  general  shape  of  each  main 
part  ?  Draw  a  vertical  and  a  cross  section  of  the  flame. 

Experiment  77.  —  Candle  Flame.  Materials :  Candle,  two  blocks 
of  wood,  bottle,  piece  of  stiff  white  paper,  limewater,  matches,  lamp 
chimney,  copper  wire  (  15  centimeters  or  6  inches  long). 

Attach  a  candle  to  a  block  of  wood  by  means  of  a  little  melted  candle 
wax,  and  proceed  as  follows  : — 

(a)  Hold  a  cold,  dry  bottle  over  the  lighted  candle.      Describe  the 
result  produced  inside  the  bottle.      What  is  the  product?      What  is  its 
source?       Remove  the  bottle,  pour  a  little  limewater  into  it,  and  shake. 
Describe  and  explain  the  result.     What  are  the  two  main  products  of  a 
burning  candle? 

(b)  Blow  out  the  candle  flame,  and  immediately  hold  a  lighted  match 
in  the  escaping  smoke.     Does  the  candle  relight?     Why?    What  is  the 
general  nature  of  this  smoke?  How  is  it  related  to  the  candle  wax? 
How  does  (b)  contribute  to  the  explanation  of  (a)  ? 

(c)  Press  a  piece  of  stiff  white  paper  for  an  instant  down  upon  the 
candle  flame  almost  to  the  wick.     Repeat  several  times  with  different 
parts  of  the  paper.      What  does  the  paper  show  about  the  structure  of 
the  flame? 

(d)  Stand  a  lamp  chimney  over  the  lighted  candle.     How  is  the 
flame  effected?     Hold  the  chimney  a  short  distance  (r  centimeter  or 
.5  inch)  above  the  block.     Does  the  candle  continue  to  burn?     Why? 
Keep  the  chimney  in  the  same  position  and  cover  the  top  with  a  block 
of  wood.    What  is  the  result  ?    Why  ? 
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(>)  Roll  one  end  of  the  copper  wire  around  a  lead  pencil  to  form  a 
spiral  about  (2  centimeters  or  I  inch)  long.  Press  the  spiral  down 
upon  the  candle  flame.  What  is  the  result?  Why? 

EXERCISES  : 

(1)  Draw  a  candle  flame,  showing  the  parts. 

(2)  What  is  the  essential  difference  between  a  candle  flame  and  a 
Bunsen  flame  ? 

(3)  Is  there  any  essential  difference  between  a  candle  flame  and  a 
gas  or  a  lamp  flame  ? 

(4)  Why  do  candles  and  lamps  often  smoke  ? 

Experiment  78.  —  Kindling  Temperature. 

(#)  Press  a  wire  gauze  down  upon  a  Bunsen  flame.  Where  is  the 
flame  ?  Hold  a  lighted  match  just  above  the  gauze.  Now  where  is 
the  flame  ? 

(b)  Extinguish  the  flame.     Turn  on  the  gas,  hold  the  gauze  in  the 
escaping  gas,  about  5  centimeters  (2  inches)  above  the  top  of  the  burner, 
and  thrust  a  lighted  match  into  the  gas  above  the  gauze.     Where  is  the 
flame  ?    Lower  the  gauze  slowly  and  describe  the  final  result. 

(c)  Hold  the  gauze  in  the  flame  in  one  position  for  a  minute  or  two. 
Where  is  the  flame  at  the  end  of  this  time  ?    Why  ? 

EXERCISES  : 

(1)  Define  kindling  temperature. 

(2)  What  application  is    made  of  the  principle  illustrated   by  this 
experiment  ? 

(3)  State  exactly  how  this  experiment  illustrates  kindling  tempera- 
ture. 

Experiment  79. — Reduction  and  Oxidation  with  the  Blow- 
pipe. Materials:  Blowpipe,  blowpipe  tube,  charcoal,  lead  oxide 
(litharge),  sodium  carbonate,  sodium  sulphate,  wood  charcoal,  silver 
coin,  zinc,  lead,  tin. 

Slip  the  blowpipe  tube  into  the  burner,  light  the  gas  and  lower  the 
flame  until  it  is  about  4  centimeters  (1.5  inches)  high.  Rest  the  tip  of  the 
blowpipe  on  the  top  of  the  tube,  placing  the  tip  just  within  the  flame. 
Put  the  other  end  of  the  blowpipe  between  the  lips,  puff  out  the  cheeks, 
inhale  through  the  nose,  and  exhale  into  the  tube,  using  the  cheeks  some- 
what as  a  bellows.  Do  not  blow  in  puffs,  but  produce  a  continuous  flow 
of  air  by  steady  and  easy  inhaling  and  exhaling.  The  operation  is  nat- 
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ural  and  simple,  and,  if  properly  performed,  will  not  make  one  out  of 
breath.  The  flame  should  be  an  inner  blue  cone  surrounded  by  an  outer 
and  almost  invisible  cone,  though  its  shape  varies  with  the  method  of 
production  (see  Fig.  44).  Practice  until  the  flame  is  produced  volun- 
tarily and  without  exhaustion.  Watch  the  flame  and  learn  to  distin- 
guish the  two  parts,  so  that  they  may  be  intelligently  utilized. 

I.  Reduction,     (a)  Make  a  shallow  hole  at  one  end  of  the  flat  side  of 
a  piece  of  charcoal.     Fill  the  hole  with  a  mixture  of  equal  parts  of  pow- 
dered sodium  carbonate  and  lead  oxide,  and  heat  the  mixture  in  the 
reducing  flame.     The  sodium  carbonate  melts   and  assists  the  fusion 
of  the  oxide,  but  the  former  is  not  changed  chemically.     In  a  short  time 
bright,  silvery  globules  will  appear  on  the  charcoal.     Let  the  mass  cool, 
and  pick  out  the  largest  globules.    Put  one  or  two  in  a  mortar,  and  strike 
with  a  pestle.    Are  they  soft  and  malleable,  or  brittle  and  hard  ?     State 
the  result  when  a  globule  is  drawn  across  or  rubbed  upon  a  white  paper. 
How  do  the  properties  compare  with  those  of  metallic  lead  ?    What  has 
become  of  the  oxygen  ?     Of  what  chemical  use  is  the  charcoal  ? 

(b)  Grind  together  in  a  mortar  a  little  sodium  sulphate  and  wood 
charcoal,  adding  at  intervals  just  enough  water  to  hold  the  mass  to- 
gether.    Heat  this  paste  for  a  few  minutes  in  the  reducing  flame  as  in 
(a).  Scrape  the  fused  mass  into  a  test  tube,  boil  in  a  little  water,  and 
put  a  drop  of  the  solution  on  a  bright  silver  coin.     If  a  dark  brown  stain 
is  produced,  it  is  evidence  of  the  formation  of  silver  sulphide.     Repeat, 
if  no  such  stain  is  produced.     State  all  the  chemical  changes  which  led 
to  the  production  of  the  silver  sulphide,  explaining  at  the  same  time 
how  the  experiment  illustrates  reduction. 

II.  Oxidation,     (a}  Heat  a  small  piece  of  zinc  on  charcoal  in  the 
oxidizing  flame.     What  is  the  product  ?     Observe  its  color,  and  the  color 
of  the  coating  on  the  charcoal  when  hot  and  cold.     Record  as  described 
in(</). 

(b}  Heat  a  piece  of  lead  as  in  (a).     Observe  the  presence  or  absence 
of  fumes,  as  well  as  the  color  of  the  coating  when  hot  and  cold.     See  (d). 

(c)  Heat  a  small  piece  of  tin  in  the  oxidizing  flame.    Observe  as  in  (b}. 

(d)  Tabulate   the  above  observations,  stating  (i)  the  color  of  the 
hot  and  cold  coating  on  the  charcoal,  (2)  presence  or  absence  of  fumes 
(3)  name  of  product. 

EXERCISES  : 

(1)  Sketch  a  blowpipe. 

(2)  Sketch  a  flame  showing  the  oxidizing  and  reducing  parts. 
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Experiment  80.  —  Preparation  and  Properties  of  Hydrofluoric 
Acid.  Materials :  Lead  dish,  glass  plate,  paraffin,  file,  calcium  fluoride, 
concentrated  sulphuric  acid. 

Precaution.  Hydrofluoric  acid  gas  is  a  corrosive  poison.  An  aque- 
ous solution  of  the  gas  —  commercial  hydrofluoric  acid —  burns  the  flesh 
frightfully. 

Warm  a  glass  plate  about  10  centimeters  (4  inches)  square  by  dipping 
it  into  hot  water  or  by  standing  it  near  a  warm  object,  such  as  a  radiator. 
If  it  is  held  over  a  flame,  it  is  liable  to  crack.  Coat  one  surface  with 
paraffin.  The  surface  should  be  uniformly  covered  with  a  thin  layer. 
Scratch  letters,  figures,  or  a  diagram  through  the  wax  with  a  file.  Be 
sure  the  instrument  removes  the  wax  through  to  the  glass,  and  that  the 
lines  are  not  too  fine. 

Put  5  grams  of  calcium  fluoride  in  a  lead  dish  and  add  just  enough 
concentrated  sulphuric  acid  to  form  a  thin  paste.  Stir  the  mixture  with 
a  file.  Place  the  glass  plate,  wax  side  down,  upon  the  lead  dish  and 
stand  the  whole  apparatus  in  the  hood  for  several  hours,  or  until  some 
convenient  time.  Remove  the  plate.  Scrape  the  contents  of  the  dish, 
immediately,  into  a  waste  jar  in  the  hood,  and  wash  the  dish  free  from 
acid.  Most  of  the  wax  can  be  scraped  from  the  glass  plate  with  a  knife. 
The  last  portions  can  be  removed  by  rubbing  with  a  cloth  moistened 
with  alcohol  or  turpentine.  Do  not  attempt  to  melt  off 
the  wax  over  the  flame.  If  the  experiment  has  been 
properly  performed,  the  plate  will  be  etched  where  the 
glass  was  exposed  to  the  hydrofluoric  acid  gas. 


Experiment  81.  —  Preparation  and  Properties  of 

Bromine.     Materials :  Potassium  bromide,  manganese 

dioxide,  dilute  sulphuric  acid,  bottle  of  water,  test-tube 

holder.     The  apparatus  is  shown  in  Figure  in.     The 

large   test   tube   is  provided  with    a   one-hole   rubber 

stopper  to  which  is  fitted  the  bent  glass  tube.     The 

latter  is  about  30  centimeters  (12  inches)  long,  and  is 

bent  according  to  the  directions  given  in  the  Introduc-  paratuSIIfor~pre- 

tion,  §  3  (£).  paring  bromine. 
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Precaution.  Bromine  is  a  corrosive  liquid  which  forms,  at  the. 
ordinary  temperature,  a  suffocating  vapor.  Perform  in  the  hood  all 
experiments  which  use  or  evolve  bromine. 

Put  a  dozen  crystals  of  potassium  bromide  in  the  test  tube,  add  an 
equal  quantity  of  manganese  dioxide  and  10  cubic  centimeters  of  dilute 
sulphuric  acid.  Insert  the  stopper  and  its  tube  securely,  and  boil 
gently.  Do  not  hold  the  test  tube  in  the  hand,  but  use  the  test  tube 
holder.  Brown  fumes  soon  appear  in  the  test  tube  and  pass  out  of  the 
delivery  tube.  Regulate  the  heating  so  that  this  vapor  will  condense 
and  collect  in  the  lower  bend  of  the  delivery  tube.  Both  vapor  and 
liquid  are  bromine.  When  no  further  boiling  produces  bromine  vapor 
in  the  test  tube,  pour  the  bromine  from  the  delivery  tube  into  a  bottle 
of  water.  Observe  and  record  the  physical  properties  of  this  bromine, 
especially  the  color,  solubility  in  water,  specific  gravity,  volatility,  and 
physical  state.  Try  the  action  of  the  contents  of  the  bottle  on  litmus 
paper ;  if  the  action  is  not  marked,  push  the  paper  down  near  the  bro- 
mine. Determine  the  odor  by  smelling  cautiously  of  the  water  in  the 
bottle.  As  soon  as  these  observations  have  been  made,  pour  the  con- 
tents of  the  bottle  into  the  sink  and  flush  with  water,  or  pour  into  a  jar 
in  the  hood.  Wash  the  test  tube  free  from  all  traces  of  bromine,  taking 
care  to  get  none  on  the  hands. 

ANSWER  : 

(1)  In  what  ways  does  bromine  physically  resemble  chlorine?     In 
what  ways  does  it  differ  from  chlorine? 

(2)  How  is  it  essentially  different  from  all  other  elements  previously 
studied? 

Experiment  82.  —  Properties  of  Potassium  Bromide.  Materials : 
Potassium  bromide,  silver  nitrate  solution,  ammonium  hydroxide. 

Examine  a  crystal  of  potassium  bromide,  and  state  its  most  obvious 
properties.  Dissolve  it  in  a  test  tube  half  full  of  water,  and  add  a  few 
drops  of  silver  nitrate  solution.  Describe  the  result.  Is  the  solid  prod- 
uct soluble  in  ammonium  hydroxide?  How  can  bromides  be  distin- 
guished from  chlorides  ?  Do  the  properties  of  bromides,  typified  by 
potassium  bromide,  suggest  any  marked  relation  to  chlorides  ? 

Experiment  83.  —  Preparation  and  Properties  of  Iodine.  Ma- 
terials: Potassium  iodide,  manganese  dioxide,  mortar  and  pestle,  con- 
centrated sulphuric  acid,  funnel,  cotton. 
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Grind  together  in  a  mortar  a  dozen  large  crystals  of  potassium  iodide 
and  about  twice  the  bulk  of  manganese  dioxide.  Put  the  mixture  in  a 
test  tube  provided  with  a  holder,  moisten  with  water,  and  add  a  few 
cubic  centimeters  of  concentrated  sulphuric  acid.  Plug  with  cotton  the 
inside  opening  of  a  funnel,  and  hold  the  latter  firmly  over  the  mouth  of 
the  test  tube.  Heat  the  test  tube  gently  with  a  low  flame  (5  centime- 
ters or  2  inches).  The  vapor  of  iodine  will  fill  the  test  tube,  and  crys- 
tals will  collect  in  the  upper  part  of  the  test  tube  and  in  the  funnel. 
If  the  crystals  collect  in  the  test  tube,  a  gentle  heat  will  force  them 
into  the  funnel.  Continue  to  heat  until  enough  iodine  collects  in  the 
funnel  for  several  experiments.  Scrape  the  crystals  into  a  dish. 

Study  the  properties  as  follows  :  — 

(a)  Observe  and  record  the  physical  properties  of  iodine,  especially 
the  color  of  the  solid  and  of  the  vapor,  volatility,  and  odor  (cautiously). 

(£)  Heat  a  crystal  in  a  dry  test  tube,  and  when  the  tube  is  half  full 
of  vapor,  invert  it.  What  does  the  result  show  about  the  density  of 
iodine  vapor? 

(c)  Touch  a  crystal  with  the  finger.  What  color  is  the  stain?  Will 
water  remove  it?  Will  alcohol?  Will  a  solution  of  potassium  iodide? 
What  do  these  results  show  about  the  solubility  of  iodine? 

(NOTE.  —  If  crystals  are  left,  use  them  in  the  next  experiment.  Pre- 
serve in  a  stoppered  bottle.) 

Experiment  84.  —  Test    for    Iodine    with    Carbon    Bisulphide. 

Materials :  Iodine,  potassium  iodide,  carbon  disulphide,  chlorine  water. 

Precaution.  Carbon  disulphide  is  inflammable.  It  should  not  be 
used  near  flames. 

(a)  Free  iodine.  Add  a  few  drops  of  carbon  disulphide  to  a  very 
dilute  solution  of  iodine,  made  by  dissolving  a  crystal  of  iodine  in  a 
solution  of  potassium  iodide,  and  observe  the  color  of  the  carbon  disul- 
phide, which,  being  much  heavier  than  water,  will  sink  to  the  bottom  of 
the  test  tube.  How  does  it  resemble  the  color  of  iodine  vapor  ? 

(£)  Combined  iodine.  Add  a  few  drops  of  carbon  disulphide  to  a 
very  dilute  solution  of  potassium  iodide.  Is  there  positive  evidence  of 
iodine  ?  Now  add  several  drops  of  chlorine  water,  and  shake.  How 
does  this  result  compare  with  the  final  result  in  (a)  ?  The  result  is  due 
to  the  fact  that  chlorine  liberates  iodine  from  its  compounds,  and  the 
iodine,  being  free,  exhibits  the  characteristic  color. 
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Experiment  85.  —  Test  for  Iodine  with  Starch.  Materials: 
Starch,  mortar  and  pestle,  iodine  solution,  potassium  iodide,  chlorine 
water. 

Grind  a  lump  of  starch  in  a  mortar  with  a  little  water  to  creamy  con- 
sistency. Pour  this  into  about  100  cubic  centimeters  of  boiling  water, 
and  stir  the  hot  liquid.  Allow  it  to  cool,  or  cool  it  by  holding  the 
vessel  in  a  stream  of  cold  water,  and  then  pour  off  the  clear  liquid. 
Use  this  cold  starch  solution  to  test  for  iodine. 

(a)  Free  iodine.     Add  a  few  cubic  centimeters  of  the  starch  solution 
to  a  test  tube  nearly  full  of  water,  and  then  add  a  few  drops  of  iodine 
solution.     The  deep  blue  color  is  due  to  the  presence  of  a  compound 
which  is  always  formed  under  these  circumstances,  but  the  composition 
of  which  is  unknown.     If  the  color  is  black,  pour  out  half  of  the  liquid 
and  add  more  water,  or  pour  some  of  the  liquid  into  a  dish  of  water. 

(b)  Combined  iodine.     Add  a  few  cubic  centimeters  of  the  starch 
solution  to  a  very  dilute  solution  of  potassium  iodide.     Is  the  blue  com- 
pound formed  ?     Add  a  few  drops  of  chlorine  water,  and  shake.     Com- 
pare with  the  final  result  in  Experiment  84  (b) . 

Experiment  86.  —  Detection  of  Starch  by  Iodine.  Materials: 
Dilute  solution  of  iodine  (in  potassium  iodide),  mortar  and  pestle, 
potato,  rice,  bread. 

Test  the  potato,  rice,  and  bread  for  starch  by  grinding  a  little  of  each 
with  water  in  a  mortar,  and  then  adding  a  few  drops  of  the  extract  to  a 
very  dilute  "solution  of  iodine.  State  the  result  in  each  case. 

Experiment  87.  —  Properties  of  Potassium  Iodide.  Materials : 
Potassium  iodide,  silver  nitrate  solution,  ammonium  hydroxide. 

Proceed  with  the  potassium  iodide  as  in  Experiment  82. 

How  can  iodides  be  distinguished  from  chlorides  ?  Do  iodides, 
typified  by  potassium  iodide,  suggest  any  marked  relation  to  bromides 
and  chlorides  ? 

SULPHUR  AND  ITS  COMPOUNDS. 

Experiment  88.  —  Properties  of  Sulphur. 

(a)  Examine  a  lump  of  sulphur,  and  state  briefly  its  most  obvious 
physical  properties. 

(£)  Optional.  Weigh  a  lump  of  roll  sulphur  to  a  decigram.  Slip  it 
carefully  into  a  graduated  cylinder  previously  filled  with  water  to  a 


Sulphur  and  its  Compounds.  515 

known  point-— about  half  full  —  and  note  the  increase  in  the  volume  of 
water.  This  increase  in  volume  is  equal  to  the  volume  of  the  sulphur. 
Calculate  the  specific  gravity  of  sulphur  from  the  observed  data. 

(NOTE. —  Specific  gravity  equals  weight  in  air  divided  by  weight  of 
equal  volume  of  water.) 

Experiment  89.  —  Amorphous  Sulphur.  Materials:  Sulphur,  old 
test  tube,  evaporating  dish. 

Put  a  few  pieces  of  roll  sulphur  in  an  old  test  tube.  Heat  carefully 
until  the  sulphur  boils,  and  then  quickly  pour  the  contents  of  the  test 
tube  into  a  dish  of  cold  water.  This  is  amorphous  sulphur.  Note  its 
properties.  Preserve,  and  examine  it  after  twenty -four  hours.  Describe 
the  change,  if  any.  9 

Define  amorphous,  and  illustrate  it  by  this  experiment. 

Experiment  90.  —  Crystallized  Sulphur.1  Materials:  Sulphur 
(roll  and  flowers),  Hessian  crucible,  carbon  disulphide,  evaporating 
dish. 

(a)  Monoclinic.  Fill  a  small  Hessian  crucible  nearly  full  of  roll 
sulphur.  Support  the  crucible  in  the  ring  of  an  iron  stand,  and  heat 
until  all  the  sulphur  is  melted.  Let  it  cool,  and  as  soon  as  crystals 
shoot  out  from  the  walls  just  below  the  surface,  pour  the  remaining 
melted  sulphur  into  a  dish  of  cold  water.  When  the  crucible  can  be 
handled  without  discomfort,  crack  it  open  lengthwise.  Observe  and 
record  the  properties  of  the  crystals,  especially  the  shape,  size,  color, 
luster,  brittleness,  and  any  other  characteristic  property.  Allow  the 
best  crystals  to  remain  undisturbed  for  a  day  or  two ;  then  examine 
again,  and  record  any  marked  changes. 

(£)  Orthorhojnbic.  Put  3  grams  of  flowers  of  sulphur  in  a  test  tube 
and  add  about  5  cubic  centimeters  of  carbon  disulphide  —  remember 
the  precaution  to  be  observed  in  using  this  liquid  (see  Exp.  84). 
Shake  until  all  the  sulphur  is  dissolved,  then  pour  the  clear  solution 
into  an  evaporating  dish  to  crystallize.  It  is  advisable,  though  not 
absolutely  necessary,  to  stand  the  dish  in  the  hood  or  out  of  doors, 
where  there  is  no  flame  and  where  the  offensive  vapor  will  be  quickly 
removed.  Watch  the  crystallization  toward  the  end,  and,  if  perfect 
crystals  form,  remove  them  with  the  forceps  (see  Fig.  49).  Allow  the 

l  See  Appendix,  §  3  (3),  (5). 
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liquid  to  evaporate  almost  entirely,  then  remove  and  dry  the  crystals. 
Examine  them  as  in  (#)  and  record  their  properties. 
EXERCISES  : 

(1)  Tabulate  the  essential  results  in  (a)  and  (£). 

(2)  Make  an  outline  sketch  of  an  orthorhombic  crystal  of  sulphur. 

Experiment  91.  —  Combining  Power  of  Sulphur.  Materials: 
Sulphur,  deflagrating  spoon,  bottle,  iron  powder,  hydrochloric  acid. 

(a)  Set  fire  to  a  little  sulphur  in  a  deflagrating  spoon,  and  lower 
the  spoon  into  a  bottle.  Cautiously  waft  the  fumes  toward  the  nose, 
and  observe  and  describe  the  odor.  The  product  is  a  mixture  of  two 
oxides  of  sulphur.  What  does  their  formation  show  about  the  combin- 
ing power  of  sulphur  ? 

(£)    Repeat  Experiment  34. 

Results  similar  to  that  in  (£)  are  obtained  with  copper  and  other 
metals.  Draw  a  general  conclusion  regarding  the  power  of  sulphur  to 
combine  with  metals. 

Experiment  92.  —  Sulphur  and  Matches. 

(a)    Examine  a  sulphur  match.    Do  you  detect  any  sulphur  ?   Where? 
(£)    Light  a  sulphur  match,  and  observe  the  entire  action,  as  far  as 
the  sulphur  is  concerned.     Describe  it. 

(c)   What  is  the  function  of  the  sulphur  in  a  burning  match? 

Experiment  93. — Preparation  of  Hydrogen  Sulphide.  Mate- 
rials: Ferrous  sulphide,  dilute  hydrochloric  acid,  three  bottles,  three 
glass  plates,  stoppered  bottle,  litmus  paper.  Use  the  same  apparatus 
as  in  Experiment  38. 

Precaution.  Hydrogen  sulphide  is  a  poisonous  gas  and  has  an 
offensive  odor.  It  should  not  be  inhaled.  Perform  in  the  hood  all  ex- 
periments evolving  hydrogen  sulphide. 

(a)  Construct  and  arrange  an  apparatus  like  that  shown  in  Figure  104. 
Fill  the  test  tube,  A,  one  third  full  of  coarsely  powdered  ferrous  sulphide, 
insert  the  stopper  tightly,  pour  enough  hydrochloric  acid  through  the 
safety  tube  to  cover  the  contents  of  the  test  tube.  Hydrogen  sulphide 
gas  is  rapidly  evolved.  If  the  evolution  of  gas  slackens  or  stops,  warm 
gently  or  add  more  hydrochloric  acid.  Collect  three  bottles,  removing 
each  as  soon  as  full  and  covering  with  a  glass  plate.  Set  aside  until 
needed. 
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(3)  As  soon  as  the  last  bottle  of  gas  has  been  removed  and  covered, 
put  in  its  place  a  bottle  one  fourth  full  of  water.  Adjust  its  height  (by 
wooden  blocks  or  by  lowering  the  generator)  so  that  the  end  of  the 
delivery  tube  reaches  to  the  bottom  of  the  bottle.  Continue  to  pass 
the  gas  into  the  water,  by  heating  the  test  tube  if  necessary.  The  gas 
will  be  absorbed  by  the  water,  forming  hydrogen  sulphide  water. 
Preserve  it  in  a  stoppered  bottle  for  Experiment  95. 

Proceed  at  once  with  next  experiment. 

Experiment  94.  —  Properties  of  Hydrogen  Sulphide  Gas. 

Study  as  follows  the  hydrogen  sulphide  gas  prepared  in  Experi- 
ment 93  :  — 

(a)  Waft  a  little  of  the  gas  cautiously  toward  the  nose,  and  describe 
the  odor.  This  is  characteristic  of  hydrogen  sulphide,  and  is  a  decisive 
test.  Has  the  gas  color  ? 

(£)  Test  the  gas  from  the  same  bottle  with  both  kinds  of  moist 
litmus  paper.  Is  it  acid,  alkaline,  or  neutral  ? 

(V)  Bring  a  lighted  match  to  the  mouth  of  the  same  bottle.  Observe 
the  properties  of  the  flame  as  in  previous  experiments.  Observe  cau- 
tiously the  odor  of  the  product  of  the  burned  gas ;  to  what  compound 
is  the  odor  due?  What,  then,  is  one  component  of  hydrogen  sulphide  ? 

(d)  Burn  another  bottle  of  hydrogen  sulphide  and  hold  a  cold  bottle 
over  the  burning  gas.     What  additional  experimental  evidence  does  this 
result  give  regarding  the  composition  of  hydrogen  sulphide  ? 

(e)  Repeat  any  of  the  above  with  the  remaining  bottle  of  gas. 

EXERCISES  : 

(1)  Summarize  the  properties  of  hydrogen  sulphide  gas. 

(2)  State  the  experimental  evidence  of  its  composition. 

Experiment  95.  —  Preparations  and  Properties  of  some  Sul- 
phides. Materials:  Hydrogen  sulphide  water  prepared  in  Experiment 
93,  clean  copper  wire,  clean  sheet  lead,  bright  silver  coin,  lead  oxide 
(litharge)  ;  solutions  of  lead  nitrate,  arsenic  trioxide  (in  hydrochloric 
acid),  tartar  emetic,  zinc  sulphate. 

(a)  Shake  the  bottle  of  hydrogen  sulphide  water  prepared  in  Experi- 
ment 93  (or  a  similar  solution),  and  hold  successively  at  the  mouth  or 
in  the  neck  of  the  bottle  (i)  a  clean  copper  wire,  (2)  a  bright  strip 
of  lead,  and  (3)  an  untarnished  silver  coin.  Describe  the  result  in 
each  case,  These  compounds  a,re  sulphides  of  the  respective  metals, 
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(£)  Put  a  little  litharge  —  the  brownish  yellow  oxide  of  lead  — 
in  a  test  tube,  cover  it  with  hydrogen  sulphide  water,  and  warm 
gently.  The  product  is  lead  sulphide.  Describe  it.  Explain  the 
change. 

(c)  Add  hydrogen  sulphide  water  to  lead  nitrate  solution.  The 
product  is  lead  sulphide.  Observe  the  color. 

(d}  Proceed  as  in  (c)  with  the  arsenic  solution.  Observe  the  color 
of  the  arsenic  sulphide. 

(e)  Proceed  as  in  (c}  with  the  tartar  emetic  solution.  Tartar  emetic 
is  a  compound  of  antimony.  Observe  the  color  of  the  antimony 
sulphide. 

(/)  Proceed  as  in  (c)  with  the  zinc  sulphate  solution.  Observe  the 
color  of  the  zinc  sulphide. 

Experiment  96.  — Preparation  of  Sulphur  Dioxide.  Materials  : 
Sodium  sulphite,  concentrated  sulphuric  acid,  litmus  paper,  three 
bottles,  two  glass  plates,  stick  of  wood,  pink  flower.  The  apparatus  is 
constructed,  arranged,  and  used  as  in  Experiment  41,  with  one  excep- 
tion. The  safety  tube  must  be  replaced  by  a  dropping  tube  made  thus . 
Cut  off  the  top  of  a  thistle  tube  about  2.5  centimeters  (i  inch)  below 
the  juncture  of  the  stem  and  cup,  slip  a  short  rubber  tube  (5  centi- 
meters, 2  inches,  long  )  over  one  end  of  the  stem,  attach  a  Moh^s  pinch- 
cock  to  the  rubber  tube,  and  connect  the  tube  with  the  cup. 

.  (a)  Put  about  10  grams  of  sodium  sulphite  in  the  large  test  tube, 
cover  with  water,  and  insert  the  stopper  with  its  tubes.  Adjust  the  ap- 
paratus as  shown  in  Figure  104.  Fill  the  cup  with  concentrated  sulphuric 
acid,  open  the  pinchcock  a  little,  and  let  the  acid  flow  drop  by  drop  upon 
the  sodium  sulphide.  Sulphur  dioxide  gas  is  evolved  and  passes  into 
the  bottle,  which  should  be  removed  when  full,  as  previously  described. 
Moist  blue  litmus  paper  held  at  the  mouth  of  the  bottle  will  show  when 
the  latter  is  full.  Collect  two  bottles  of  gas,  cover  each  with  a  glass 
plate,  and  set  aside  until  needed. 

(b)  As  soon  as  the  second  bottle  of  gas  has  been  removed  and 
covered,  put  in  its  place  a  bottle  one  fourth  full  of  water.  Adjust  its 
height  (if  necessary)  by  wooden  blocks,  so  that  the  end  of  the  delivery 
tube  is  just  above  the  surface.  Continue  to  add  the  acid  drop  by  drop, 
at  intervals,  and  the  gas  will  be  absorbed  by  the  water.  Shake  the  bottle 
occasionally. 

Meanwhile  study  the  gas  already  collected. 
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Experiment  97. — Properties  of  Sulphur  Dioxide  Gas. 

Proceed  as  follows  with  the  gas  prepared  in  Experiment  96  («)  :  — 
(#)    Observe   and  state   the  most  obvious  physical  properties,  e.g. 
color,  odor  (cautiously),  density. 

(b)  Hold  a  blazing  stick  in  a  bottle  of  the  gas.     Will  the  gas  burn 
or  support  combustion  ?     What  previously  acquired  facts  would  have 
enabled  you  to  predict  this  result  ? 

(c)  Pour  water  into  the  same  bottle  of  sulphur  dioxide  until  half  full, 
cover  with  the  hand,  and  shake.     What  is  the  evidence  of  solution  ? 
Is  the  resulting  liquid  acid,  alkaline,  or  neutral  ? 

(d)  Moisten  a  pink  flower  with  a  few  drops  of  water,  hang  it  in  the 
remaining  bottle  of  sulphur  dioxide,  holding  it  in  place  by  putting  the 
stem  between  the  glass  and  a  cork.     Observe  and  describe  any  change 
in  the  color  of  the  flower.     What  is  this  operation  called  ? 

Experiment  98. —  Properties  of  Sulphurous  Acid. 

Test  as  follows  the  solution  of  sulphurous  acid  prepared  in  Experi- 
ment 96  (b)  :  — 

(a)  Taste  cautiously,  and  describe  the  result. 

(b)  Apply  the  litmus  test,  and  state  the  result. 

(c)  Pour  a  few  drops  of  concentrated  sulphuric  acid  into  the  bottle. 
What  gas  is  liberated  ? 

Experiment  99. — Action  of  Sulphuric  Acid  with  Organic  Matter. 

Materials :  Concentrated  sulphuric  acid,  sheet  of  white  paper,  sugar, 
starch,  stick  of  wood. 

(a)  Write  some  letters  or  figures  with  dilute  sulphuric  acid  on  a  sheet 
of  white  paper,  and  move  the  paper  back  and  forth  over  a  low  flame,  taking 
care  not  to  set  fire  to  the  paper.     As  the  water  evaporates  the  dilute 
acid  becomes  concentrated.     Observe  and  describe  the  result.     Paper  is 
largely  a  compound  of  carbon,  hydrogen,  and  oxygen,  and  the  hydrogen 
and  oxygen  are  present  in  the  proportion  to  form  water.     Explain  the 
general  chemical  change  in  this  experiment. 

(b)  Fill  a  test  tube  one  fourth  full  of  sugar,  add  an  equal  bulk  of 
water,  stand  the  test  tube  in  the  rack,  and  add  cautiously  several  drops 
of  concentrated   sulphuric   acid.       If  there  is  no  decided  result,  add 
more  acid.     What  is  the  black  product  ?     Compare  the  final  result  with 
that  obtained  in  Experiment  59  (£).    Is  the  chemical  action  the  same  in 
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each  experiment  ?  Are  the  statements  made  in  (#)  about  paper  also 
true  of  sugar  ? 

(c)  Repeat  (£),  using  powdered  starch  instead  of  sugar.  Describe 
the  result.  How  does  the  result  resemble  that  in  (£)  and  in  Experi- 
ment 59  (a)  ?  Predict  the  components  of  starch.  In  what  simple  way 
may  the  prediction  be  verified  ? 

(df)  Stand  a  stick  of  wood  in  a  test  tube  one  fourth  full  of  concen- 
trated sulphuric  acid.  Allow  it  to  remain  in  the  acid  for  fifteen  minutes, 
then  remove  the  stick  and  wash  off  the  acid.  Describe  the  change  in 
the  stick.  Does  it  resemble  that  in  («),  (£),  and  (c),  and  in  Experiment 
59<X>? 

Experiment  100.  —  Test    for    Sulphuric    Acid  and  Sulphates. 

Materials :  Sulphuric  acid,  sodium  sulphate,  barium  chloride  solution, 
calcium  sulphate,  charcoal,  powdered  charcoal,  blowpipe,  silver  coin. 

(#)  Repeat  Experiment  12  (c}  with  sulphuric  acid  and  with  sodium 
sulphate  solution. 

(b)  Repeat  Experiment  79  I  (£)  with  calcium  sulphate  instead  of 
sodium  sulphate. 

EXERCISES  : 

(1)  State  briefly  the  test  for  sulphuric  acid  and  soluble  sulphates. 
For  insoluble  sulphates. 

(2)  How  can  a  sulphate  be  distinguished  from  a  sulphite? 

SILICON  AND  BORON. 

Experiment  101.  —  Preparation  and  Properties  of  Silicic  Acid. 

Materials:  Sodium  silicate  solution,  hydrochloric  acid,  evaporating 
dish,  gauze-covered  ring. 

Add  dilute  hydrochloric  acid  to  a  test  tube  half  full  of  sodium  silicate 
solution,  and  shake.  The  jellylike  precipitate  is  silicic  acid.  Rub 
some  between  the  fingers  and  describe  the  result.  Evaporate  the 
precipitate  to  dryness  in  a  porcelain  dish  which  stands  upon  a  gauze- 
covered  ring  in  the  hood.  As  the  mass  hardens,  stir  it  with  a  glass  rod. 
Toward  the  end,  add  more  hydrochloric  acid  and  evaporate  to  complete 
dryness.  Then  heat  strongly  for  five  minutes.  The  residue  is  silicon 
dioxide  mixed  with  chlorides  of  sodium  and  potassium.  Rub  some 
between  the  fingers  or  across  a  glass  plate.  Is  any  grit  detected?  State 
the  chemical  changes  which  occur  in  changing  sodium  silicate  into 
silicon  dioxide. 
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Experiment  102. — Tests  with  Borax  Beads.  Materials:  Pow- 
dered borax,  platinum  test  wire  (see  Int.  §  5  (4)),  solutions  of  cobalt 
nitrate  and  copper  sulphate,  manganese  dioxide. 

Make  a  small  loop  on  the  end  of  the  platinum  test  wire,  moisten  it, 
and  dip  it  into  powdered  borax.  Heat  it  in  the  flame,  rotating  it  slowly  ; 
at  first  the  borax  swells,  but  finally  shrinks  to  a  small,  transparent 
bead.  If  the  bead  is  too  small  add  more  borax  and  heat  again.  After 
use,  the  bead  may  be  removed  by  dipping  it,  white  hot,  into  water ;  the 
sudden  cooling  shatters  the  bead,  which  may  then  be  easily  rubbed  or 
scraped  from  the  wire. 

(a)  Cobalt  Compounds.  Touch  a  transparent  borax  bead  with  a 
glass  rod  which  has  a  drop  of  cobalt  nitrate  solution  on  the  end.  Heat 
the  bead  in  the  oxidizing  flame.  Observe  the  color  when  cold.  If  it  is 
black  melt  a  little  more  borax  into  the  bead  ;  if  faintly  colored,  moisten 
again  with  the  cobalt  solution.  The  color  is  readily  detected  by  look- 
ing at  the  bead  against  a  white  object  in  a  strong  light,  or  by  examining 
it  with  a  lens.  When  the  color  has  been  definitely  determined,  heat 
again  in  the  reducing  flame.  Compare  the  color  of  the  cold  bead  with 
the  previous  observation. 

(£)  Copper  compounds.  Make  another  transparent  bead,  moisten  it 
with  copper  sulphate  solution  and  heat  it  first  in  the  oxidizing  flame, 
and  then  in  the  reducing  flame.  Compare  the  colors  of  the  cold  beads, 
and  draw  a  conclusion. 

(<:)  Manganese  Compounds.  Make  another  transparent  bead,  touch 
it  with  a  minute  quantity  of  manganese  dioxide,  and  proceed  as  in  (b) . 
Compare  the  colors  of  the  cold  beads,  and  draw  a  conclusion. 

(d)    Tabulate  the  results  of  this  experiment. 

EXERCISE  : 

Draw  a  Bunsen  flame,  showing  the  reducing  and  oxidizing  parts. 

Experiment  103.  —  Preparation  and  Properties  of  Boric  Acid 
and  the  Test  for  Boron.  Materials:  Borax,  alcohol,  evaporating 
dish,  concentrated  hydrochloric  acid. 

To  a  test  tube  half  full  of  boiling  water,  add  about  10  grams  of 
powdered  borax.  Add  about  5  cubic  centimeters  of  concentrated 
hydrochloric  acid  to  this  hot  solution,  and  let  the  whole  cool.  Crystals 
of  boric  acid  will  separate.  Filter.  Describe  the  crystals. 

Put  some  of  the  crystals  in  an  evaporating  dish,  add  a  little  alcohol, 
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and  set  fire  to  the  solution.  Observe  the  color  of  the  flame.  It  is 
caused  by  a  complex  compound  of  boron,  and  is  the  test  for  this 
element. 

PHOSPHORUS,  ARSENIC,  ANTIMONY,  AND  BISMUTH. 
Experiment  104.  —  Some  Properties  of  Phosphorus. 

(a)  Smell  of  the  head  of  a  phosphorus-tipped  match.     Describe  the 
odor. 

(b)  Rub  the  head  of  a  phosphorus-tipped  match  in  a  dark  place,  and 
observe  and  describe  the  result. 

(c)  The  most  striking  property  of  phosphorus  is  the  readiness  with 
which  it  lights  and  burns  in  air.     This  property  is  too  dangerous  to  try 
in  the  laboratory.     Read  about  it  in  the  text  book.     What  application 
is  made  of  this  property  ?     Why  ? 

Experiment  105.  —  Test  for  Arsenic. 

Repeat  Experiment  95  (//). 

Experiment  106.  —  Test  for  Antimony. 

Repeat  Experiment  95  (*). 

Experiment  107.  —  Test  for  Bismuth.  Materials:  Bismuth,  aqua 
regia. 

Prepare  a  solution  of  bismuth  chloride  by  heating  the  metal  with  aqua 
regia.  Fill  the  test  tube  half  full  of  water,  and  describe  the  result.  The 
product  is  bismuth  oxychloride.  How  is  it  related  to  bismuth  chloride  ? 

SODIUM. 

Experiment  108.  —  Properties  of  Sodium.  Materials:  Sodium, 
pneumatic  trough  filled  with  water  as  usual,  litmus  paper,  filter  paper, 
tea  lead. 

Precaution.     Observe  the  precautions  as  in  Experiment  24. 

(a)  Examine  a  small  piece  of  sodium,  and  record  its  most  obvious 
physical  properties,  e.g.  color,  luster,  whether  hard  or  soft,  etc. 

(£)    Repeat  Experiment  24  (except  (^)). 

ANSWER  : 

(1)  Is  sodium  heavier  or  lighter  than  water? 

(2)  What  properties  show  that  it  is  a  metal? 
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(3)  Is  it  harder  or  softer  than  most  metals  ? 

(4)  What  is  the  test  for  sodium  ? 

Experiment  109. — Preparation  and  Properties  of  Sodium  Hy- 
droxide. Materials :  Sodium  carbonate,  lime,  zinc  sulphate  solution, 
iron  (or  tin)  dish,  file. 

Dissolve  25  grams  of  sodium  carbonate  in  150  cubic  centimeters  of 
water  and  heat  gently  in  an  iron  dish  (an  ordinary  iron  spider  is  well 
adapted  for  this  work).  Meanwhile  slake  10  grams  of  lime  by  adding 
just  enough  water  to  make  a  milky  liquid  —  "  milk  of  lime."  Add  the 
milk  of  lime  to  the  sodium  carbonate  solution  and  boil  for  several  min- 
utes, stirring  constantly  with  a  file.  Let  the  precipitate  settle,  remove 
a  little  liquid  with  a  small  tube,  and  if  it  effervesces  with  hydrochloric 
acid,  add  more  milk  of  lime  and  boil;  if  not,  pour  the  liquid  into  a  con- 
venient vessel,  let  it  stand  for  a  few  minutes  or  until  the  solid  settles ; 
then  pour  the  liquid  down  a  glass  rod  (  see  Int.  §  6  (i)  )  into  a  bottle. 
This  solution  of  sodium  hydroxide  may  be  evaporated  to  dryness,  and 
the  solid  product  tested  and  the  remainder  preserved,  or  the  solution 
may  be  tested  at  once  as  follows :  — 

(a)  Rub  a  little  between  the  fingers  and  describe  the  feeling. 

(b)  Apply  the  litmus  test.     Is  it  acid  or  alkaline?     Is  it  markedly  so? 

(c)  Add  a  little  to  a  zinc  sulphate  solution,  and  shake.     The  precipi- 
tate is  zinc  hydroxide.     Describe  it.     Now  add  an  excess  of  sodium 
hydroxide,  and  shake.     Describe  the  result.     The  excess  of  sodium 
hydroxide  forms  soluble  sodium  zincate.    This  behavior  of  zinc  com- 
pounds is  the  test  for  an  hydroxide. 

(d)  How  do  sodium  compounds  affect  a  colorless  flame?     Try  it,  if 
in  doubt. 

Exercises  for  Review. 

1.  How  does  sodium  carbonate  act  when  exposed  to  air?     Sodium 
sulphate?     Sodium  hydroxide? 

2.  How  does  sodium  carbonate  solution  affect  litmus  paper?     How 
does  its  action  compare  with  that  of  other  salts,  sodium  chloride  for 
example  ? 

3.  What  marked  property  has  sodium  carbonate,  and  how  is  this 
property  utilized  ? 

4.  How  does  sodium  bicarbonate  interact  with  tartaric  acid?     Would 
the  action  be  the  same  with  other  acids? 
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5.  "  Sodium  thiosulphate  forms  a  supersaturated  solution."     Explain 
and  illustrate  this  statement. 

6.  How  does  sodium  chloride  interact  with  sulphuric  acid?     Sodium 
nitrate  with  sulphuric  acid  ? 

POTASSIUM. 

Experiment  110.— Properties  of  Potassium.     Materials:  Potas- 
sium, pneumatic  trough  filled  as  usual,  litmus  paper. 
Precaution.     Observe  the  same  precaution  as  in  using  sodium. 

(a)  Examine  a  very  small  piece  of  freshly  cut  potassium,  and  record 
its  most  obvious  physical  properties.     Touch  it  slightly.     Does  it  sug- 
gest caustic  potash  and  soda? 

(b)  Drop  a  small  piece  of  potassium  on  the  water  in  a  pneumatic 
trough.     Stand  just   near  enough   to   see   the   action.     Describe   the 
action.     How  does  it  differ  from  the  action  of  sodium  ?     Test  the  water 
as  in  Experiment  24  (*/). 

From  what  has  already  been  learned  about  sodium  and  potassium, 
predict  the  main  chemical  change  observed  in  (£) . 

ANSWER  : 

(1)  Is  potassium  heavier  or  lighter  than  water? 

(2)  What  properties  suggest  that  it  is  a  metal? 

(3)  How  does  it  resemble  and  differ  from  sodium? 

(4)  How  does  potassium  color  a  flame? 

(5)  What  is  the  test  for  potassium? 

Experiment  111.  —  Preparation  and  Properties  of  Potassium  Hy- 
droxide. Materials:  Potassium  carbonate,  lime,  zinc  sulphate  solu- 
tion, iron  (or  tin)  dish,  file. 

Proceed  as  in  Experiment  109,  but  use  potassium  carbonate  instead  of 
sodium  carbonate.  Test  as  in  the  case  of  sodium  hydroxide. 

Experiment  112. — Preparation  and  Properties  of  Potassium 
Carbonate.  Materials:  Cream  of  tartar,  wood  ashes,  litmus  paper, 
hydrochloric  acid,  iron  sand  bath  pan,  mortar  and  pestle. 

(0)  Heat  strongly  5  grams  of  cream  of  tartar  —  acid  potassium  tar- 
trate  —  in  an  iron  pan  in  the  hood  until  the  residue  is  nearly  white. 
Grind  this  solid  with  water  in  a  mortar,  and  filter.  Test  the  filtrate 
(i)  with  both  kinds  of  litmus  paper,  (2)  for  potassium,  and  (3)  for  a 
carbonate.  Record  the  results. 
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(^)  Fill  a  test  tube  half  full  of  wood  ashes,  add  half  the  volume  of 
water,  shake,  and  warm  gently.  Filter,  and  test  the  filtrate  as  in  (#). 
If  test  (3)  is  not  decisive,  repeat  the  experiment  on  a  larger  scale. 
Record  the  results. 

(c)  Expose  a  little  potassium  carbonate  to  the  air  for  an  hour  or  more. 
Describe  the  result.  How  does  its  behavior  compare  with  that  of  sodium 
carbonate  under  the  same  conditions  ? 

ANSWER  : 

(1)  What  is  the  source  of  cream  of  tartar? 

(2)  What  do  (a)  and  (^)  show  about  the  distribution  of  potassium? 
Of  its  assimilation  by  plants? 

(3)  What  is  the  literal  meaning  of  the  word  potash  ? 

Exercises  for  Review. 

1.  What  does  potassium  chlorate  yield  when  heated? 

2.  Does  potassium  chlorate  dissolve  readily  in  cold  water?     In  hot 
water? 

3.  What  is  formed  by  heating  potassium  bromide  with  manganese 
dioxide  and  sulphuric  acid  ? 

4.  Apply  question  3  to  Dotassium  iodide. 

5.  What  happens  to  potassium  hydroxide  when  exposed  to  air  ?     To 
potassium  carbonate  ? 

6.  Of  what  important  mixture  is  potassium  nitrate  an  ingredient  ? 


COPPER. 

Experiment  113.  —  Physical  Properties  of  Copper. 

Examine  several  forms  of  copper  —  wire,  sheet,  filings,  etc.  —  and 
state  the  most  obvious  physical  properties. 

ANSWER  : 

(1)  Is  copper  a  good  conductor  of  heat  ?     Of  electricity ?     On  what 
evidence  is  your  answer  based  ? 

(2)  Is  copper  ductile  ?     Malleable  ?     Brittle  ?     Tough  ?     Hard  or 
soft? 

(3)  What  happens  to  copper  when  heated  ?     When  exposed  to  the 
air? 
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Experiment  114.  —  Tests  for  Copper.  Materials:  Copper  wire, 
copper  sulphate  solution,  ammonium  hydroxide,  acetic  acid,  potassium 
ferrocyanide  solution. 

(a)  Heat  a  copper  wire  in  the  Bunsen  flame.     The  color  is  charac- 
teristic of  copper  and  its  compounds,  though  not  a  conclusive  test, 
since  the  same  color  is  produced  by  other  substances. 

(b)  Add  a  few  drops  of  ammonium  hydroxide  to  copper  sulphate 
solution,  and  observe  the  result;  now  add  an   excess   of  ammonium 
hydroxide.     The  blue  solution   is   a   characteristic   and   decisive   test 
for  copper. 

(c)  Add  to  a  test  tube  one  fourth  full  of  water  an  equal  volume  of 
copper  sulphate  solution,  and  shake ;  then  add  a  few  drops  of  acetic 
acid  and  of  potassium  ferrocyanide  solution.     The  brown  precipitate 
is  copper  ferrocyanide. 

Experiment  115.  —  Interaction  of  Copper  with  Metals.  Mate- 
rials :  Copper  wire,  iron  nail,  zinc,  solutions  of  copper  sulphate  and 
any  mercury  compound.  • 

(#)  Put  a  clean  copper  wire  into  a  solution  of  any  mercury  compound. 
After  a  short  time,  remove  the  wire  and  wipe  it  with  a  soft  cloth  or 
paper.  Describe  the  change.  What  has  become  of  some  of  the  copper? 

(b}  Put  in  separate  test  tubes  half  full  of  copper  sulphate  solution 
a  bright  iron  nail  and  a  strip  of  clean  zinc.  After  a  short  time  remove 
the  metals  and  examine  them.  What  is  the  deposit  ?  What  has  become 
of  some  of  the  zinc  and  iron?  Does  the  final  color  of  the  solution 
indicate  any  chemical  change?  How  would  you  prove  the  answer  to 
the  last  question  ? 

Exercises  for  Review. 

1.  What  happens  to  a  crystal  of  copper  sulphate  when  heated  ? 

2.  You  are  given  a  blue  solution  supposed  to  be  copper  sulphate. 
State  how  you  would  prove  it. 

3.  What  are  formed  by  the  interaction  of  copper  and  nitric  acid? 

4.  What  color  have  many  copper  compounds? 

5.  "  Brass  is  an  alloy  of  copper."     State  how  you  would  prove  this. 

SILVER  AND   GOLD. 

Experiment  116.  —  Preparation  of  Silver.  Materials :  (a)  Sil- 
ver nitrate  solution,  mercury,  evaporating  dish ;  (b)  ten-cent  piece, 


Silver  and  Gold.  527 

concentrated  .nitric  acid,  hydrochloric  acid,  sulphuric  acid,  zinc,  evapo- 
rating dish,  charcoal,  sodium  carbonate,  blowpipe. 

Prepare  silver  by  one  or  both  of  the  following  methods  :  — 

(a)  Fill  a  porcelain  dish  half  full  of  silver  nitrate  solution,  and  add  a 
few  drops  of  mercury.  Allow  the  whole  to  startd  undisturbed  for  a  day 
or  more,  and  then  examine.  The  delicate  crystals  attached  to  the 
mercury  are  silver.  Pick  them  out  with  the  forceps,  wash  well  with 
water,  and  preserve  them  for  Experiment  117. 

(£)  Dissolve  a  ten-cent  piece  in  10  cubic  centimeters  of  concentrated 
nitric  acid,  dilute  with  an  equal  volume  of  water,  and  add  hydrochloric 
acid  until  the  precipitation  is  complete.  Let  the  precipitate  settle. 
Then  filter,  and  wash  until  the  filtrate  is  neutral.  If  convenient,  let 
the  precipitate  dry ;  if  not,  scrape  half  from  the  opened  paper  with  a 
knife,  put  it  in  a  porcelain  dish,  cover  with  dilute  sulphuric  acid,  and 
add  a  piece  of  zinc ;  put  the  other  half  in  a  cavity  at  the  end  of  a  piece 
of  charcoal,  cover  with  sodium  carbonate,  and  reduce  it  with  a  blowpipe 
flame.  In  the  first  case,  the  silver  will  collect  as  a  grayish  powder; 
remove  any  excess  of  zinc,  filter,  wash  with  water  and  dry  the  residue. 
It  may  be  preserved  as  a  powder,  or  fused  into  a  bead  with  a  blowpipe 
flame.  In  the  second  case,  minute  globules  of  silver  will  appear  on  the 
charcoal ;  scrape  them  together  and  fuse  into  a  single  bead.  Preserve  it. 

Experiment  117.  —  Properties  of  Silver. 

Examine  the  silver  formed  in  Experiment  116,  and  state  briefly  its 
most  obvious  properties. 

Experiment  118.  —  Test  for  Silvef. 

Devise  a  test  for  combined  silver,  based  upon  previous  experiments. 
Verify  it. 

Exercises  for  Review. 

1.  What  is  formed  by  the  interaction  of  silver  nitrate  and  potassium 
chloride?      Potassium   bromide  ?      Potassium   iodide  ?      How  do   the 
products  differ  ? 

2.  What  caused  the  blue  filtrate  in  Experiment  116  (£)  ?     What 
metal  besides  silver  does  a  ten-cent  piece  contain  ? 

3.  What  compound  is  formed  when  silver  tarnishes? 

4.  What  is  the  test  for  a  chloride? 
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Experiment  119.  —  Interaction  of  Gold  and  Aqua  Regia  and 
the  Test  for  Gold.  Materials  :  Gold  leaf,  concentrated  nitric  and 
hydrochloric  acids,  stannous  chloride  solution. 

Prepare  a  solution  of  gold  chloride  according  to  Experiment  58,  using 
as  small  a  volume  of  the  acids  as  possible.  Dilute  with  water,  and  then 
slowly  add  a  dilute  solution  of  stannous  chloride.  A  precipitate  is 
produced,  varying  in  color  from  faint  purple  to  black  according  to  the 
conditions.  This  precipitate  is  supposed  to  be  finely  divided  gold,  and 
is  called  Purple  of  Cassius ;  its  formation  is  the  test  for  gold. 

CALCIUM. 

Experiment  120.  —  Tests  for  Calcium. 

(a)  Subject  calcium  chloride  to  the  flame  test.     Record  the  result. 

(b)  Repeat  Experiment  12  (d). 

Experiment  121.  —  The  ' '  Setting  ' '  of  Plaster  of  Paris.  Materials: 
Plaster  of  Paris,  block  of  wood. 

Mix  a  little  plaster  of  Paris  with  enough  water  on  a  block  of  wood  to 
/orm  a  thin  paste.  Let  it  stand  undisturbed  for  a  few  minutes,  and 
then  examine.  Describe  the  change.  How  is  this  property  utilized  ? 

Exercises  for  Review. 

1.  Describe   calcium   chloride.     How  does  it  act  when  exposed  to 
the  air  ?     How  would  you  show  that  it  (a)  contains  calcium  and  (£)  is 
a  chloride  ? 

2.  Describe  lime.     What  effect  does  water  have  upon  it  ? 

3.  What  compounds  are  produced  by  the  interaction  of  calcium  car- 
bonate and  hydrochloric  acid  ? 

4.  What  is  limewater  ?     Milk  of  lime  ? 

5.  What  is  formed  when  carbon  dioxide  is  passed  into  limewater  ? 
Into  sodium  hydroxide  ? 

6.  What  compounds  are  formed  by  heating  calcium  carbonate  ? 

7.  What  happens  when  an  excess  of  carbon  dioxide  is  passed  into 
limewater  ? 

8.  What  is  acid  calcium  carbonate  ?     How  can  it  be  changed  into 
normal  calcium  carbonate  ? 

9.  What  compounds  are  formed  by  the  interaction  of  calcium  fluoride 
and  sulphuric  acid  ? 
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10.  What  is  calcium  hypochlorite  ?     For  what  is  it  used  ? 

1 1 .  What  happens  to  crystallized  calcium  sulphate  (selenite)  when 
heated  ? 

12.  Calcium  sulphate  is  nearly  insoluble  in  water;    how  can  it  be 
shown  to  be  a  sulphate  ? 

13.  What  is  tricalcium  phosphate  ?     Superphosphate  of  lime  ? 

14.  What  is  the  scientific  name  of  lime,  limestone,  marble,  gypsum, 
fluor  spar,  limewater,  slaked  lime,  quicklime,  bleaching  powder,  chloride 
of  lime  ? 

STRONTIUM. 

Experiment  122.  —  Test  for  Strontium. 

Dip  a  platinum  test  wire  (or  a  glass  rod)  into  a  solution  of  strontium 
nitrate,  and  hold  it  in  the  Bunsen  flame.  Describe  the  result,  after 
several  trials. 

Experiment  123.  —  Red  Fire.  Materials:  Strontium  nitrate,  pow- 
dered potassium  chlorate,  powdered  shellac,  iron  pan  or  brick. 

Mix  carefully  small  and  equal  (in  bulk)  quantities  of  the  three  sub- 
stances on  a  sheet  of  paper.  Place  the  mixture  on  a  sand-bath  pan  or 
a  brick  in  the  hood,  and  light  it  with  a  Bunsen  burner.  Describe  the 
result. 

BARIUM. 

( Compounds  of  Barium  are  Poisonous?) 
Experiment  124.  —  Tests  for  Barium. 

(a)  Repeat  Experiment  122,  using  a  solution  of  barium  chloride  or 
barium  nitrate.  Be  sure  the  test  wire  (or  rod)  is  clean.  Describe  the 
result. 

(£)  Devise  a  test.     (Suggestion.    What  is  the  test  for  a  sulphate  ?) 

Experiment  125.  —  Green  Fire. 

Repeat  Experiment  123,  using  barium  nitrate  instead  of  strontium 
nitrate. 

• 

Exercises  for  Review. 

1.  State  the  properties  of  barium  sulphate. 

2.  How  does  barium  chloride  behave  toward  litmus  ? 

3.  What  industrial  use  have  the  barium  oxides  ? 
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MAGNESIUM. 

Experiment  126.  —  Properties  of  Magnesium. 

Examine  a  piece  of  magnesium  and  state  briefly  its  most  obvious 
properties. 

Experiment  127.  —  Tests  for  Magnesium.  Materials:  Solutions 
of  magnesium  sulphate  (or  chloride),  ammonium  chloride,  ammonium 
hydroxide,  disodium  phosphate,  and  cobaltous  nitrate;  magnesium 
oxide,  charcoal,  blowpipe. 

(a)  To  a  solution  of  magnesium  sulphate  (or  chloride)  add  succes- 
sively solutions  of  ammonium  chloride,  ammonium  hydroxide,  and  di- 
sodium phosphate.     A  precipitate  of  ammonium  magnesium  phosphate 
is  formed.     It  is  voluminous  at  first,  but  finally  crystalline.     It  is  soluble 
in  acids.     Try  it. 

(b)  Put  a  little  powdered  magnesium  oxide  in  a  cavity  at  the  end 
of  a  piece  of  charcoal,  moisten  with  water,  and  heat  intensely  in  a 
blowpipe  flame.     Cool,  and  moisten  with  a  drop  of  cobaltous  nitrate 
solution.     Heat  again,  and  when  cool  observe  the  color.     If  the  experi- 
ment has  been  conducted  properly,  a  pink  or  pale  flesh-colored  residue 
coats  the  charcoal.     Describe  the  result. 

Exercises  for  Review. 

1.  What  compound  is  formed  by  burning  magnesium  in  air  or  in 
oxygen?     Describe  it. 

2.  How  was  magnesium  utilized  in  the  discovery  of  argon  ? 

ZINC. 
Experiment  128.  —  Properties  of  Zinc. 

Examine  a  piece  of  zinc  and  record  its  most  obvious  properties. 
ANSWER  : 

1.  What  happens  to  zinc  when  it  is  heated?     Describe  and  name 
the  product. 

2.  Is  zinc  hard   or  soft?     Malleable?     Ductile?    Brittle?     Tough? 
Does  it  melt  readily? 

Experiment  129.  —  Tests  for  Zinc.  Materials :  Zinc  oxide,  cobalt- 
ous nitrate  solution,  charcoal,  blowpipe. 
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(a)  Recall  or  devise  a  simple  test  for  combined  zinc.      (Suggestion. 
See  Exp.  109  (<:).) 

(b)  Recall  or  repeat  the  action  of  zinc  when  heated  in  the  oxidizing 
flame.     (See  Exp.  79  II  (a).) 

(c)  Fill  a  small  cavity  at  one   end  of  a  piece  of  charcoal  with  zinc 
oxide,  moisten  with  water,  and  heat  strongly  in  the  blowpipe  flame. 
Cool,  and  moisten  with  a  drop  of  cobaltous  nitrate  solution,  then  heat 
again.      Cool  and  examine.     A  green  incrustation  is  caused  by  zinc 
compounds. 

Experiment  130.  —  Interaction  of  Zinc  and  Metals.  Materials : 
Sheet  zinc,  solutions  of  copper  sulphate,  lead  nitrate,  mercurous  nitrate. 

(a}  Repeat  Experiment  115  (£). 

(£)  Repeat  (#)  using  lead  nitrate  solution. 

(c)  Repeat  (a)  using  the  mercury  salt  solution.  Examine  after  a 
short  time,  and  describe.  What  is  amalgamated  zinc,  and  for  what  is  it 
used? 

Exercises  for  Review. 

1.  What  are  formed  by  the  interaction  of  zinc  and  sulphuric  acid? 
Of  zinc  and  nitric  acid  ? 

2.  What   is   formed   by   the   interaction  of  a  zinc  salt  and  a  little 
sodium  hydroxide  solution?     An  excess  of  the  alkali? 

CADMIUM. 
Experiment  131.  —  Test  for  Cadmium. 

Add  hydrogen  sulphide  water  to  a  test  tube  half  full  of  cadmium 
chloride  solution.  The  precipitate  is  cadmium  sulphide.  Describe  it. 
Let  it  settle,  pour  off  most  of  the  liquid,  fill  the  test  tube  half  full  with 
dilute  sulphuric  acid,  and  warm.  Describe  the  result. 

MERCURY. 

{Mercury  and  its  Compounds  are  Poisonous.} 
Experiment  132.  — Properties  of  Mercury. 

(a)  Pour  a  drop  or  two  of  mercury  into  an  evaporating  dish.  Ex- 
amine the  mercury,  and  state  its  characteristic  properties.  Agitate  the 
dish,  and  describe  the  result.  Why  is  mercury  called  u  quicksilver  "  ? 

(£)  Lift  carefully  a  bottle  of  mercury.  Estimate  the  specific  gravity. 
Verify  the  estimate  by  consulting  a  book. 
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Experiment  133.  —  Tests  for  Mercury. 

(a)  What  is  a  simple  test  for  free  mercury? 

(b)  Recall  or  devise  a  test  for  combined  mercury.     Verify  it.     (Sug- 
gestion.    SeeExp.  115.) 

Experiment  134.  —  Properties  of  Mercurous  and  Mercuric 
Compounds.  Materials:  Solutions  of  mercurous  and  mercuric 
nitrate  ;  hydrochloric  acid,  ammonium  hydroxide. 

(a)  Mercurous.  Add  a  few  drops  of  hydrochloric  acid  to  a  little 
mercurous  nitrate  solution.  The  white  precipitate  is  mercurous  chlo- 
ride. Note  its  insolubility  in  water  and  in  dilute  hydrochloric  acid. 
Add  a  few  drops  of  ammonium  hydroxide.  The  black  precipitate  is 
mercurous  ammonium  chloride.  Its  formation  is  a  delicate  test  for 
mercury  in  mercurous  compounds. 

(£)  Mercuric.  Add  a  few  drops  of  hydrochloric  acid  to  a  little 
mercuric  nitrate  solution.  Compare  the  result  with  that  in  (a).  Add 
a  few  drops  of  ammonium  hydroxide,  or  enough  to  produce  a  decided 
change.  Compare  with  (a).  The  precipitate  is  mercuric  ammonium 
chloride. 

Exercises  for  Review. 

1.  Describe  the  effect  of  heat  on  red  oxide  of  mercury.     What  his- 
torical interest  has  this  experiment  ? 

2.  What  practical  use  has  mercury  ? 

3.  What  are  amalgams  ? 

4.  What  action  has  mercury  upon  gold  ? 

ALUMINIUM. 

Experiment  135.  — Properties  of  Aluminium. 

(<z)  Examine  a  piece  of  aluminium,  and  observe  its  properties.  Has 
it  any  "spring"  like  brass  ?  Is  it  ductile,  malleable,  soft,  hard,  tough, 
brittle  ?  Will  it  melt  in  the  Bunsen  flame  ?  Try  it. 

(£)  Compare  roughly  the  weight  of  a  piece  of  sheet  aluminium  with 
a  piece  of  pasteboard  or  glass  having  approximately  the  same  volume. 
Estimate  the  specific  gravity.  Verify  it  by  consulting  a  book. 

Experiment  136.  —  Action  of  Aluminium  with  Acids  and  Alka- 
lies. Materials:  Aluminium,  sulphuric  acid,  hydrochloric  acid,  sodium 
hydroxide  solution. 


Aluminium. 

(a)  Add  a  small  piece  of  aluminium  to  separate  test  tubes  containing 
dilute  sulphuric  acid  and  concentrated  hydrochloric  acid.  Warm,  if 
necessary.  Describe  the  action.  Test  the  gas  evolved.  What  com- 
pound is  formed  in  each  case  ? 

(^)  Add  a  small  piece  of  aluminium  to  a  test  tube  half  full  of  dilute 
sodium  hydroxide  solution,  and  boil.  Test  any  gas  evolved.  If  only 
a  little  gas  is  liberated,  attach  a  simple  delivery  tube  and  collect  the 
gas  over  water. 

Other  acids  and  alkalies  act  similarly.  Draw  a  general  conclusion 
from  this  experiment. 

Experiment  137.  —  Preparation  and  Properties  of  Aluminium 
Hydroxide.  Materials:  Solutions  of  alum,  sodium  hydroxide,  am- 
monium sulphide,  and  cochineal ;  hydrochloric  acid  and  ammonium 
hydroxide. 

(a)  Add  slowly  a  little  sodium  hydroxide  solution  to  a  test  tube 
half  full  of  alum  solution.  The  gelatinous  precipitate  is  aluminium 
hydroxide.  Now  add  an  excess  of  the  alkali  to  one  half,  and  dilute 
hydrochloric  acid  to  the  other.  Describe  the  results. 

(£)  Add  a  little  solution  of  ammonium  sulphide  to  a  solution  of  alum. 
Describe  the  result.  The  precipitate  is  not  a  sulphide,  but  aluminium 
hydroxide,  because  aluminium  forms  no  sulphide  in  the  wet  way. 

(c)  Add  a  little  alum  solution  to  a  dilute  solution  of  cochineal,  then 
add  ammonium  hydroxide.  The  colored  product  is  called  carmine  lake. 
It  belongs  to  a  class  of  dyes  formed  by  the  combination  of  a  vegetable 
dye  and  a  metallic  hydroxide,  often  aluminium  hydroxide. 

Experiment  138.  —  Tests  for  Aluminium.  Materials  for  (c)  : 
Aluminium  sulphate ;  cobaltous  nitrate  solution,  blowpipe,  charcoal. 

(#)  What  is  a  simple  test  for  metallic  aluminium? 

(£)  Recall  or  devise  a  test  for  combined  aluminium.  Verify  it. 
How  can  aluminium  compounds  be  distinguished  from  those  of  zinc? 

(<-)  Heat  a  little  aluminium  sulphate  on  charcoal  in  the  blowpipe 
flame.  Cool,  and  moisten  with  a  drop  of  cobaltous  nitrate  solution. 
Heat  again,  and  if  the  operation  has  been  conducted  properly,  a  blue 
residue  will  coat  the  charcoal.  This  color  is  characteristic  of  aluminium 
compounds.  Compare  this  result  with  the  action  of  other  metallic 
compounds  under  similar  circumstances. 
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Experiment  139.  —  Preparation  and  Properties  of  Common 
Alum.  Materials  for  (a) :  Aluminium  sulphate,  potassium  sulphate, 
evaporating  dish. 

(a)  Dissolve  about  10  grams  of  aluminium  sulphate  in  the  least  pos- 
sible amount  of  hot  water.     Dissolve  3  grams  of  potassium  sulphate  in 
the  same  way.     Mix  the  clear,  hot,  saturated  solutions  in  an  evaporat- 
ing dish,  and   allow   the  solution  to  cool   undisturbed.      Crystals  of 
potassium  alum  will  be  deposited.      Remove  the  best  ones;    dry  and 
examine.     Describe  them,  giving  color,  luster,  size,  and  crystal  form. 

(b)  Prove  by  actual  tests  that  (i)  they  are  a  sulphate,  and  (2)  they 
contain  aluminium  and  water  of  crystallization. 

TIN. 

Experiment  140.  —  Properties  of  Tin.  Examine  a  piece  of  tin,  and 
state  its  most  obvious  properties.  Is  it  malleable,  soft,  hard,  tough, 
brittle?  Will  it  melt  in  the  Bunsen  flame?  Try  it. 

Experiment  141. — Action  of  Tin  with  Acids.  Materials:  Tin, 
concentrated  nitric  and  hydrochloric  acids. 

(#)  Put  a  small  piece  of  tin  in  a  test  tube,  cover  with  concentrated 
hydrochloric  acid,  add  a  little  water,  and  heat  —  in  the  hood.  Heat 
gently  at  first,  and  when  action  begins  regulate  the  heat  accordingly. 
Most  of  the  tin  disappears,  soluble  stannous  chloride  being  formed. 
Save  this  solution  for  Experiment  142. 

(£)  Treat  a  small  piece  of  tin  with  concentrated  nitric  acid  —  in  the 
hood.  It  is  advisable  to  stand  the  test  tube  in  the  rack  or  in  a  bottle  as 
soon  as  the  action  begins.  The  white,  amorphous  product  is  metastan- 
nic  acid.  How  does  the  action  of  nitric  acid  on  tin  differ  from  and 
resemble  its  action  on  other  metals,  zinc,  for  example? 

Experiment  142.  —  Tests  for  Tin.  Materials  for  (c}  :  Solutions  of 
mercuric  chloride  and  stannous  chloride. 

(a)  What  is  a  simple  test  for  metallic  tin? 

(&)  Recall  or  repeat  the  action  of  tin  when  heated  in  a  blowpipe 
flame. 

(<:)  Add  a  few  drops  of  mercuric  chloride  solution  {poison}  to  a  little 
of  the  stannous  chloride  solution  prepared  in  Experiment  141 .  The  white 
precipitate  is  mercurous  chloride.  Add  a  little  more  staunous  chloride 
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solution  and  heat  gently.     The  mercurous  chloride  is  reduced  finally  to 
mercury,  which  appears  as  a  grayish  powder. 

Experiment  143.  —  Deposition  of  Tin. 

Put  a  strip  of  zinc  in  a  slightly  acid  solution  of  stannous  chloride. 
Examine  after  a  short  time.  The 'tin  will  be  found  adhering  to  the 
zinc  as  a  grayish  black  deposit ;  sometimes  bright  scales  are  also  seen. 
What  has  become  of  the  zinc? 

LEAD. 

Experiment  144.  —  Properties  of  Lead. 

(a)  Examine  a  piece  of  freshly  cut  lead  and  state  its  most  obvious 
physical  properties. 

(£)  Estimate  its  specific  gravity.  Verify  your  estimate  by  consulting 
a  book. 

(c)  Draw  a  piece  of  lead  across  a  sheet  of  white  paper,  and  describe 
the  result. 

(d}  Is  lead  easily  melted  ?    Try  it. 

ANSWER  : 

(1)  What  happens  to  lead  when  exposed  to  the  air? 

(2)  What  properties  adapt  lead  for  its  extensive  use? 

(3)  What  is  "black  lead"? 

(4)  Is  there  lead  in  a  lead  pencil  ? 

Experiment  145.  —  Tests  for  Lead.  Materials  for  (V),  (//),  (e)  : 
Lead  nitrate  and  potassium  dichromate  solutions,  sulphuric  acid,  hydro- 
chloric acid. 

(#)  Recall  or  repeat  the  reduction  of  lead  oxide  in  the  blowpipe 
flame.  (See  Exp.  79.) 

(£)  Recall  or  repeat  the  action  of  hydrogen  sulphide  with  the  solu- 
tion of  a  lead  compound.  (See  Exp.  95  (<:).) 

(c}  Add  dilute  hydrochloric  acid  to  a  little  lead  nitrate  solution  until 
precipitation  ceases.  Note  the  insolubility  of  the  lead  chloride  which  is 
formed.  Warm  gently  as  long  as  any  decided  change  occurs.  Describe 
the  action.  This  is  characteristic  of  lead  chloride  and  permits  its 
separation  from  the  chlorides  of  silver  and  of  mercury  (in  the  -ous 
condition). 
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(d)  Add  dilute  sulphuric  acid  to  a  little  lead  nitrate  solution  until 
precipitation   ceases.     The   precipitate  is  lead  sulphate.     Observe  its 
properties.     Is  it  soluble  in  hot  water  ?    Try  it. 

(e)  Repeat  (*/),  using  potassium  dichromate  solution  instead  of  sul- 
phuric acid.    The  precipitate  is  lead  chromate.     Describe  it,  especially 
the  color. 

Experiment  146.  —  Deposition  of  Lead. 

Repeat  Experiment  130  (£). 

Experiment  147.  —  Properties  of  Lead  Oxides.  Materials:  Lead 
monoxide,  dioxide,  and  tetroxide,  nitric  acid. 

(a)  Examine  the  three  oxides  and  tabulate  their  most  obvious  physi- 
cal properties,  stating  the  exact  chemical  name  and  formula  and  the 
popular  name  of  each  oxide. 

(£)  Recall  the  experiment  in  which  lead  was  heated  in  the  oxidizing 
flame,  especially  the  color  of  the  coating.  What  oxide  of  lead  is 
thereby  formed  ? 

(c}  Warm  a  little  lead  tetroxide  with  dilute  nitric  acid.  The  solid 
product  is  lead  dioxide.  Describe  it. 

EXERCISES  : 

(1)  How  might  lead  tetroxide  be  prepared  ? 

(2)  If  lead  tetroxide  is  heated  strongly,  lead  monoxide  is  formed  < 
What  does  this  fact  reveal  about  the  stability  of  lead  tetroxide  ? 

(3)  When  lead  dioxide  and  concentrated  hydrochloric  acid  are  mixed 
and  heated,  chlorine  is  evolved.     Complete  the  equation  — 

PbO2  +  4  HC1  =  PbCl2  +  2  H2O  + 

How  does  this  interaction  resemble  that  of  manganese  dioxide  and 
hydrochloric  acid  ? 

Experiment    148.  —  Properties    of    Certain    Lead    Compounds. 

Materials:    Lead   nitrate,  lead   carbonate,  galena,  taper,   mortar  and 
pestle. 

(Vz)  Put  a  crystal  of  lead,  nitrate  in  a  test  tube  provided  with  a 
holder,  hold  in  a  horizontal  position,  and  heat  strongly  in  the  upper 
part  of  the  Bunsen  flame.  Describe  the  result.  What  is  the  most 
obvious  product  ?  After  most  of  this  product  has  passed  out  of  the 
test  tube,  thrust  well  into  the  test  tube  a  taper  with  a  spark  on  the 
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end.  Describe  the  result.  What  other  gas  is  present  ?  The  solid 
product  is  lead  monoxide.  Summarize  the  behavior  of  lead  nitrate 
when  heated. 

(b)  Examine  lead  carbonate,  and  state  its  most  obvious  properties. 
What  is  its  common  name  ?    Prove  that  it  is  a  carbonate  and  con- 
tains lead.     (Suggestion.     Treat  with  hydrochloric  acid.) 

(c)  Examine  a  lump  of  galena,  and  state  its  most  obvious  proper- 
ties.    Pulverize  it  in  a  mortar.    What  additional  property  is  revealed  ? 
Prove  that  it  is  a  sulphide  and  contains  lead.    (Suggestion.    See  Exps. 
93  and  145.) 

CHROMIUM. 

Experiment  149.  —  Tests  for  Chromium.  Materials:  Borax, 
chrome  alum,  potassium  carbonate,  potassium  nitrate,  acetic  acid,  nitric 
acid,  sodium  hydroxide  solution,  lead  nitrate  solution,  potassium  dichro- 
mate  solution,  platinum  test  wire,  piece  of  porcelain,  forceps. 

(a)  Prepare  a  borax  bead  (see  Exp.  102),  touch  it  with  a  minute 
quantity  of  chrome  alum,  and  heat  in  both  the  oxidizing  and  reducing 
flame.     Describe  the  result. 

(b)  Mix  equal  small  quantities  of  potassium  carbonate,  potassium 
nitrate,  and  powdered  chrome  alum,  place  the  mixture  on  a  piece  of 
porcelain,  and  hold  it  with  the  forceps  in  the  upper  Bunsen  flame  so 
that  the   mixture  will   fuse.      A  yellow   mass,   due   to   the  presence 
of  potassium  chromate,  results.     If  the  color,  is  not  decided,  dissolve 
the  mass  in  water,  add  acetic  acid,  slowly  at  first,  and  boil  to  expel  the 
carbon  dioxide.     Add  a  few  drops  of  lead  nitrate  solution  to  a  portion, 
and  yellow  lead  chromate  is  precipitated.      If  the  precipitate  is  white, 
it  is  lead  carbonate,  and  shows  that  not  all  the  potassium  carbonate 
was  decomposed,  as  intended. 

(£)  Add  lead  nitrate  solution  to  potassium  dichromate  solution. 
Name  and  describe  the  precipitate.  Try  the  solubility  of  the  precipitate 
in  acetic  acid,  dilute  nitric  acid,  and  sodium  hydroxide.  Describe  the 
result. 

Experiment  150.  —  Properties  of  Chromates.  Materials :  Potas- 
sium chromate  and  dichromate,  concentrated  hydrochloric  acid, 
potassium  hydroxide  solution. 

(a)  Examine  crystals  of  potassium  chromate  and  dichromate,  and 
state  their  characteristic  properties.  Make  a  dilute  solution  of  each, 
and  compare  the  colors.  Save  for  (*:)  and  (</). 
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(£)    State  the  properties  of  lead  chromate. 

(V)  Add  a  few  drops  of  concentrated  hydrochloric  acid  to  the  solution 
of  potassium  chromate  prepared  in  («).  and  observe  the  change  in 
color.  Describe  it.  Compare  with  the  color  of  the  potassium  dichro- 
mate  solution  prepared  in  (<z).  Draw  a  conclusion. 

(d)  Add  potassium  hydroxide  solution  to  the  solution  of  potassium 
dichromate  prepared  in  (a)  until  a  change  of  color  is  produced.      De- 
scribe  the   color.     Compare   with   the   potassium   chromate  solution. 
Draw  a  conclusion. 

(e)  The  chromates  are  oxidizing  agents.      Add  a  few  drops  of  con- 
centrated hydrochloric  acid  to  powdered  potassium  chromate  and  dichro- 
mate in  separate  test  tubes.      Chlorine  is  evolved.     Where  did  it  come 
from  ?     By  what  general  chemical  change  ? 


Experiment  151.  —  Reduction  of  Chromates  to  Chromic  Com- 
pounds. Materials:  Potassium  dichromate  solution,  concentrated 
hydrochloric  acid,  alcohol. 

Add  to  a  few  cubic  centimeters  of  potassium  dichromate  solution  a 
little  concentrated  hydrochloric  acid  and  a  few  drops  of  alcohol.  Warm 
gently.  Two  important  changes  occur.  The  chromate  is  reduced  to 
chromic  chloride  which  colors  the  solution  green ;  the  alcohol  is  oxi- 
dized to  aldehyde,  which  is  detected  by  its  peculiar  odor. 


Experiment  152. — Preparation  and  Properties  of  Chromic 
Hydroxide.  Materials:  Ammonium  sulphide,  solutions  of  sodium 
hydroxide  and  chrome  alum. 

(a)  Add  a  little  sodium  hydroxide  solution  to  a  solution  of  chrome 
alum.  The  precipitate  is  chromic  hydroxide.  Describe  it.  Add  an 
excess  of  sodium  hydroxide  solution,  and  shake.  Describe  the  result. 
Boil,  and  state  the  result. 

(6)  Add  a  little,  and  then  an  excess,  of  ammonium  sulphide  to  a 
solution  of  chrome  alum.  Compare  the  result  with  that  in  (a).  Does 
chromium  form  a  sulphide  ? 

ANSWER  : 

How  can  chromic  hydroxide  be  distinguished  from  aluminium 
hydroxide  ? 
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Experiment  153.  —  Properties  of  Chrome  Alum. 

(#)  Examine  chrome  alum  and  state  its  most  obvious  physical 
properties. 

(b)  Prove  that  chrome  alum  is  a  sulphate,  and  that  it  contains 
chromium  and  water  of  crystallization. 
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Experiment  154.  —  Tests  for  Manganese.  Materials  for  (£)  and 
(c} :  Manganese  dioxide,  potassium  carbonate,  potassium  nitrate,  am- 
monium sulphide,  manganese  sulphate  solution,  hydrochloric  acid, 
acetic  acid,  ammonium  hydroxide. 

(a)  Subject  a  minute  quantity  of  manganese  dioxide  to  the  borax 
bead  test,  and  note  the  color  of  the  bead  after  heating  in  each  flame. 
(See  Exp.  102.) 

(b)  Fuse,   on   a    piece    of   porcelain,    a    little    manganese    dioxide 
mixed  with  potassium  carbonate  and  potassium  nitrate.     The  green 
mass  is  a  test  for  manganese.     It  is  due  to  the  presence  of  potassium 
manganate. 

(c)  Add  ammonium  sulphide  to  manganese  sulphate  solution.     The 
flesh-colored  precipitate  is  manganese  sulphide.     Compare  with  other 
sulphides  as  to  color  (see  Exp.  95).    Divide  it  into  two  parts.     Add 
hydrochloric  acid  to  one,  and  acetic  acid  to  the  other,  then  add  an 
excess  of  ammonium  hydroxide  to  each.     Draw  a  conclusion  regarding 
the  solubility  of  manganese  sulphide. 

Experiment  155.  —  Oxidation  with  Potassium  Permanganate. 

Materials:  Potassium  permanganate,  sulphuric  acid,  ferrous  sulphate, 
filter  paper. 

(a)  Add  a  few  drops  of  sulphuric  acid  to  a  weak  solution  of  fresh 
ferrous  sulphate ;  .then  add,  drop  by  drop,  a  dilute  solution  of  potas- 
sium permanganate.     Its  color  is  changed,  owing  to  the  loss  of  oxygen ; 
the  latter  converts  the  ferrous   to   ferric  sulphate.      The   decomposi- 
tion of  the  permanganate  also  causes  the  formation  of  potassium  and 
manganese  sulphates. 

(b)  Pour  a  solution  of  potassium  permanganate  upon  a  piece  of  filter 
paper.     Describe  and  explain  the  result. 
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Exercises  for  Review. 

1.  Describe  manganese  dioxide.   Name  five  elements  in  whose  prepa- 
ration manganese  dioxide  is  used.     Is  manganese  dioxide  an  oxidizing 
agent  ? 

2.  Describe  potassium  permanganate.     What  can  be  said  of  its  solu- 
bility in  water  ?     In  what  previous  experiment  has  it  been  used  ? 

3.  What  is  the  formula  of  potassium   permanganate  ?     Does   the 
formula  suggest  its  oxidizing  power? 

IRON. 

Experiment  156.  —  Properties  of  Iron.  Materials:  Cast  and 
wrought  iron,  steel,  magnet,  iron  wire,  iron  powder. 

(a)  Examine  cast  iron,  wrought  iron,  and  steel,  and  state  their  most 
obvious  physical  properties. 

(b}  Try  the  action  of  a  magnet  on  each.     Describe  the  result. 

(c)  Drop  a  pinch  of  iron  powder  into  the  Bunsen  flame.  Hold  a 
piece  qf  fine  iron  wire  in  the  flame.  Describe  the  results,  and. draw  a 
conclusion. 

Experiment  157.  —  Properties  of  Ferrous  Compounds.  Mate- 
rials: Iron  powder  (or  filings),  hydrochloric  acid,  solutions  of  sodium 
hydroxide,  potassium  ferri cyanide,  potassium  thiocyanate,  potassium 
ferrocyanide. 

Put  a  few  grams  of  iron  powder  in  a  test  tube,  add  about  10  cubic 
centimeters  of  dilute  hydrochloric  acid,  and  warm  gently ;  ferrous  chlo- 
ride is  formed  (in  solution).  Proceed  as  follows  :  (i)  Pour  a  little  into  a 
test  tube  one  third  full  of  sodium  hydroxide  solution.  The  precipitate  is 
ferrous  hydroxide.  Watch  the  changes  in  color.  To  what  are.  the 
changes  due  ?  (2)  Add  a  second  portion  to  potassium  ferricyanide 
solution.  The  precipitate  is  ferrous  ferricyanide.  Describe  it.  (3)  Add 
a  third  portion  to  potassium  thiocyanate  solution.  If  ferric  salts  are 
absent,  no  change  results.  (4)  Add  a  fourth  portion  to  potassium 
ferrocyanide  solution.  The  precipitate  is  ferrous  ferrocyanide.  Describe 
it.  Tabulate  the  results  as  described  in  the  next  experiment. 

Experiment  158.  —  Properties  of  Ferric  Compounds.  Materials ; 
Ferric  chloride  solution  and  the  solutions  used  in  Experiment  157, 
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To  a  little  ferric  chloride  solution  add  (i)  sodium  hydroxide  solu- 
tion. The  precipitate  is  ferric  hydroxide.  Describe  it.  Add  to  ferric 
chloride  solution  (2)  a  little  solution  of  potassium  ferricyanide.  Com- 
pare the  negative  result  with  (2)  in  Experiment  157.  Add  as  above  (3) 
a  little  solution  of  potassium  thiocyanate.  The  rich  wine-red  coloration 
is  caused  by  the  soluble  ferric  thiocyanate.  This  test  distinguishes  ferric 
from  ferrous  compounds.  Add  as  above  (4)  a  little  solution  of  potas- 
sium ferrocyanide.  The  precipitate  is  ferric  ferrocyanide.  Describe  it. 
Tabulate  the  results  of  these  two  experiments,  showing  the  behavior 
of  ferrous  and  ferric  compounds  under  the  same  conditions. 

Experiment  159.  —  Reduction  of  Ferric  Compounds.  Mate- 
rials: Ferric  chloride  solution,  zinc,  hydrochloric  acid. 

Put  a  piece  of  zinc  in  ferric  chloride  solution  made  slightly  acid  by 
hydrochloric  acid.  The  nascent  hydrogen  reduces  the  ferric  to  ferrous 
chloride.  After  the  operation  has  proceeded  for  about  fifteen  minutes, 
test  a  portion  of  the  liquid  for  a  ferrous  and.  a  ferric  compound  by  Ex- 
periments 157  (2)  and  158  (3).  If  the  tests  are  not  conclusive,  continue 
the  reduction  and  test  again.  Describe  the  result. 

Experiment  160.  —  Oxidation  of  Ferrous  Compounds.  Mate- 
rials: Ferrous  sulphate,  hydrochloric  acid,  potassium  chlorate,  nitric 
acid. 

(a)  To  a  solution  of  fresh  or  freshly  washed  ferrous  sulphate  add  a 
little  hydrochloric  acid,  warm  gently,  and  then  add  a  few  crystals  of 
potassium  chlorate.     After  heating  a  short  time,  test  portions  of  the 
liquid  for  a  ferric  and  a  ferrous  compound. 

(b)  Add  10  cubic  centimeters  of  concentrated  nitric  acid,  drop  by 
drop,  to  a  hot  solution  of  ferrous  sulphate  to  which  a  little  sulphuric 
acid  has  been  added,  and  boil.     Test  portions  of  the  liquid  for  a  ferric 
and  a  ferrous  compound  as  in  Experiment  159. 

(c)  Recall  a  third  illustration  of  the  oxidation  of  a  ferrous  to  a  ferric 
compound.     Describe  it  briefly. 

Experiment  161.  —Properties  of  Certain  Iron  Compounds.  Ma- 
terials :  Ferrous  sulphate,  hematite,  limonite,  magnetite,  pyrite,  siderite. 

(a)  Examine  a  crystal  of  ferrous  sulphate,  and  state  its  most  obvious 
properties.  Heat  it  gently  in  a  test  tube  inclined  mouth  downward. 
Describe  the  result.  Test  this  crystal  for  ferrous  and  ferric  compounds 
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as  in  Experiment  159.     State  and  explain  the  result.     What  is  the 
common  name  of  ferrous  sulphate? 

(^)  Examine  hematite,  limonite.  and  magnetite,  and  state  their  prop- 
erties. Draw  the  first  two  across  a  rough  sheet  of  paper  or  a  piece  of 
ground  glass,  and  describe  the  "streak  "  made  by  each.  What  is  the 
formula  of  each  compound?  Prepare  a  hydrochloric  acid  solution  of 
each  and  test  for  iron.  State  the  result. 

(c)  Examine  pyrite,  and  state  its  properties.     It  is  iron  disulphide. 
What  is  its  formula?     For  what  is  it  used?     For  what  is  it  sometimes 
mistaken  ? 

(d)  Examine  siderite,  and  state  its  properties.     It  is  ferrous  carbon- 
ate.    What  is  its  formula?     Test  a  powdered  specimen  for  a  carbonate 
and  for  iron.     State  the  result. 

Exercises  for  Review. 

1.  What  happens  when  iron  is  (a)  treated  with  acids,  and  (6)  heated 
with  sulphur? 

2.  Describe  ferrous  sulphide.     What  are  formed  by  its  interaction 
with  warm  hydrochloric  acid? 

3.  What  happens   to   iron  when  it  is  placed  in  copper  sulphate 
solution? 

NICKEL  AND   COBALT. 

Experiment  162.  —  Test  for  Nickel. 

To  a  solution  of  nickel  chloride  add  sodium  hydroxide  to  alkaline 
reaction.  The  precipitate  is  nickelous  hydroxide.  Describe  it. 

Experiment  163.  — Test  for  Cobalt.     Repeat  Experiment  102  (#). 

ORGANIC  COMPOUNDS. 

Experiment  164.  —  Composition  of  Organic  Compounds.  Ma- 
terials: Turpentine,  alcohol,  camphor,  kerosene,  sugar,  starch,  flour, 
wood,  paper,  hair,  candle,  taper,  gelatine,  mustard,  silver  coin,  red 
litmus  paper,  soda  lime,  porcelain  dish,  kerosene  lamp,  two  bottles. 

(a)  Carbon,  (i)  Recall  or  repeat  the  experiments  which  showed 
that  carbon  is  a  constituent  of  wood,  cotton,  starch,  sugar,  illuminating 
gas  and  candle  wax.  (2)  Heat  a  few  drops  of  turpentine  in  a  porce- 
lain dish,  and  then  set  fire  to  it.  Does  it  contain  carbon?  Hold  a 
bottle  over  the  flame  long  enough  to  collect  any  product,  and  then  test 
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the  contents  for  carbon  dioxide  with  limewater ;  does  the  observation 
verify  the  previous  conclusion?  (3)  Repeat  (2)  with  alcohol.  Does 
alcohol  contain  carbon  ?  (4)  Burn  a  small  lump  of  camphor  in  a  porce- 
lain dish  or  on  a  block  of  wood.  Does  it  contain  carbon?  (5)  Hold 
a  bottle  over  a  burning  kerosene  lamp  long  enough  to  collect  any  prod- 
uct, and  test  as  in  (2).  Does  kerosene  contain  carbon? 

(b)  Hydrogen,     (i)  Set  fire  to  a  few  drops  of  the  following  liquids 
in  a  porcelain  dish,  and  hold  over  each  flame  a  cold  dry  bottle  long 
enough  to  allow  the  condensation  of  the  water  vapor,  which  is  always 
one  product  of  the  combustion  of  organic  compounds  which  contain 
hydrogen :    alcohol,  turpentine,  kerosene.     (2)   Heat  in  separate  test 
tubes  the  following  dry  solids,  and  if  they  contain  hydrogen,  a  little 
water  vapor  will  condense  on  the  upper  part  of  the  test  tube :  sugar, 
starch,  flour,  wood,  paper,  hair.    '  (3)  Hold  a  cold,  dry  bottle  for  a  few 
seconds  over  a  burning  kerosene  lamp,  a  Bunsen  flame,  an  ordinary 
gas  flame,  a  burning  candle,  a  burning  taper,  and  describe  the  result. 
Is  hydrogen  a  component  of  kerosene,  illuminating  gas,  and  wax? 

(c)  Oxygen,  which  unites  with  the  hydrogen  of  organic  compounds 
to  form  the  water,  may  come  from  the  compound,  as  in  the  case  of 
sugar,  starch,  wax,  wood,  paper,  or  it  may  come  from  the  air.     No 
simple  experiment  will  determine  the  source  of  the  oxygen. 

(d)  Nitrogen.     Mix  a  little  granulated  gelatine  (one  part)  with  dry 
soda  lime  (two  parts)  and  heat  the  mixture  in  a  test  tube.     Hold  a 
piece  of  moist  red  litmus  paper  in  the  escaping  vapor.     It  will   be 
turned  blue  by  escaping  ammonia  gas.     Gelatine  (also  horn,  glue,  and 
leather)  contains  nitrogen,  which  is  liberated  in  combination  with  hydro- 
gen as  ammonia  gas. 

(e)  Sulphur,     (i)  Put  a  little  mustard  paste  on  a  clean  silver  coin. 
The  brown  stain  is  silver  sulphide.     Explain.      (2)  Why  is  a  silver 
spoon  tarnished  by  a  cooked  egg? 

Draw  a  general  conclusion  regarding  the  composition  of  organic 
compounds. 

Experiment  165.  —  Preparation  and  Properties  of  Alcohol. 
(Teacher's Experiment.)  Materials:  Grape  sugar,  yeast,  limewater, 
bone  black,  sodium  hydroxide.  The  apparatus  consists  of  a  large  bottle 
provided  with  a  one-hole  rubber  stopper  fitted  with  a  delivery  tube 
(like  C,  D,  E,  in  Fig.  104)  which  reaches  to  the  bottom  of  a  small 
bottle;  the  latter  has  a  two-hole  stopper.  The  delivery  tube  passes 
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through  one  hole,  and  through  the  other  passes  a  bent  tube  connected 
with  a  U-tube. 

I.  Put  a  liter  of  water  in  the  bottle,  add  150  grams  of  grape  sugar, 
and  shake  until  dissolved ;  pour  150  cubic  centimeters  of  yeast  into  this 
solution.     Fill  the  small  bottle  half  full  of  limewater.     Fill  the  U-tube 
with  pieces  of  sodium  hydroxide.     Connect  the  apparatus  and  stand  it 
in  a  dark  place,  where  the  temperature  is  25°-3o°  C. 

Fermentation  begins  at  once,  and  carbon  dioxide  —  one  of  the  prod- 
ucts—  bubbles  through  the  limewater,  which  is  protected  from  the 
action  of  the  air  by  the  sodium  hydroxide.  Examine  the  stopper  for  a 
leak,  if  no  change  occurs  in  the  limewater.  The  operation  should  be 
allowed  to  continue  at  least  a  day,  and  longer  if  possible.  The  flask 
will  then  contain  mainly  water,  unchanged  grape  sugar,  alcohol,  and 
some  products  of  minor  importance.  Pour  off  the  liquid,  agitate  it 
with  a  little  bone  black  to  remove  the  odor  and  color,  and  filter.  The 
alcohol,  which  varies  in  quantity  with  the  conditions,  is  dissolved  in  a 
large  excess  of  water  and  must  be  separated  by  distillation. 

II.  The  distillation  is  performed  with  the  apparatus  used  in  Experi- 
ment 13.    Fill  the  flask  half  full  of  the  liquid  from  I,  add  a  few  pieces  of 
pipestem  (or  granulated  zinc,  or  glass  tubing)  to  prevent  "bumping,11 
and  distil  about  50  cubic  centimeters.     Save  the  distillate.     Replace  the 
residue  in  the  flask  by  more  liquid  from  I,  distil  again,  and  repeat  this 
operation  until  all  the  liquid  has  been  used.     Replace  the  one-hole 
stopper  with  a  two-hole  stopper,  insert  a  thermometer  in  one  hole  so 
that  the  bulb  just  touches  the  surface  of  the  combined  distillates,  which 
should  now  be  distilled.    Heat  gently,  and  collect  in  a  separate  receiver 
the  distillate  which  is  formed  when  the  liquid  boils  between  80°  and 
93°  C.     This  distillate  contains  most  of  the  alcohol. 

Test  as  follows  :  — 

(a)  Note  the  odor. 

(£)  Drop  a  little  into  a  warm  dish,  and  hold  a  lighted  match  over  it. 
If  it  does  not  burn,  it  shows  that  the  alcohol  is  too  dilute.  Put  a  little 
in  a  dish,  warm  gently,  and  light  the  vapor.  Describe  the  result. 

Experiment  166.  —  Properties  of  Alcohol.  (Optional. )  Materials : 
Alcohol,  camphor,  shellac,  rosin,  porcelain  dish. 

(a)  Determine  cautiously  the  odor  and  taste  of  alcohol.  Drop  a  little 
on  a  glass  plate  or  on  a  piece  of  paper,  and  watch  it  evaporate.  Is  its 
rate  of  evaporation  more  rapid  than  that  of  water? 
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(£)  Weigh  a  measured  quantity  (about  25  cubic  centimeters)  of  95 
per  cent  alcohol  and  calculate  its  specific  gravity. 

(c}  Alcohol  dissolves  many  organic  substances.  Try  camphor,  pow- 
dered shellac,  or  rosin.  Describe  the  result.  Verify  the  solvent  power 
of  alcohol  by  adding  water  to  the  solutions.  Describe  the  result. 

(d}  Burn  a  little  alcohol  in  a  dish  and  observe  the  nature  of  the 
flame.  What  are  the  products  of  combustion  ? 

Experiment  167.  —  Preparation  and  Properties  of   Aldehydes. 

Materials :   Concentrated  hydrochloric  acid,  ethyl  alcohol,  potassium 
dichromate  solution,  methyl  alcohol,  copper  wire,  forceps. 

(a)  Acetic  Aldehyde.     Add  a  little  concentrated  hydrochloric  acid 
and  several  drops  of  ethyl  alcohol  to  several  cubic  centimeters  of  potas- 
sium dichromate  solution.     Warm  gently,  and  observe   the  peculiar- 
smelling  gaseous  product.     It  is  aldehyde  vapor,  aldehyde  itself  being  a 
colorless,  extremely  volatile  liquid,  which  boils  at  20.8°  C. 

(b)  Formic  Aldehyde  or  Formaldehyde.     Put  a  few  cubic  centimeters 
of  methyl  alcohol  in  a  test  tube  and  stand  the  test  tube  in  a  rack.    Wind 
a  piece  of  copper  wire  into  a  spiral  around  -a  glass  rod  or  lead  pencil. 
Slip  the  spiral  from  the  rod,  grasp  one  end  into  the  forceps,  and  heat  the 
wire  red-hot  in  the  flame.     Then  quickly  drop  it  in  the  methyl  alcohol. 
The  pungent  vapor  which  is  suddenly  produced  is  largely  the  vapor 
of  formaldehyde. 

Experiment  168.  —  Properties  of  Ether.  Materials :  Ether,  evapo- 
rating dish,  glass  plate,  wax. 

Precaution.  Ether  vapor  is  easily  ignited,  and  should  never  be 
brought  near  a  flame. 

(a)  Pour  a  little  ether  into  a  dish  or  test  tube  and  observe  the  odor 
and  volatility.     Taste  cautiously.     Pour  a  drop  upon  a  glass  plate  or  a 
block  of  wood.     How  does  its  rate  of  evaporation  compare  with  that  of 
alcohol  ?     Pour  a  little  upon  the  hand  and  describe  the  result. 

(b)  Add  a  bit  of  wax  to  a  few  cubic  centimeters  of  ether,  and  shake. 
The  result  is  typical ;  draw  a  conclusion. 

Experiment  169.  —  Properties  of  Acetic  Acid. 

Treat  acetic  acid  as  follows  :  — 

(a)    Taste  (cautiously),  and  describe. 

(6)   Test  with  litmus  paper,  and  describe  the  result. 
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(V)  Warm  a  little  in  a  test  tube,  and  smell  (cautiously).  Describe 
the  odor. 

Experiment  170.  —  Properties  of  Vinegar. 

(a)    Show,  experimentally,  that  vinegar  contains  acetic  acid. 

(6)    Repeat  Experiment  60,  using  vinegar  instead  of  indigo  solution. 

Experiment  171.  —  Test  for  Acetic  Acid  and  Acetates. 

Cautiously  add  a  few  drops  of  concentrated  sulphuric  acid  to  equal 
(and  small)  volumes  of  acetic  acid  and  alcohol.  Shake  and  warm 
gently.  The  pleasant,  fruitlike  odor  is  due  to  the  vapor  of  ethyl  ace- 
tate, a  volatile  liquid  which  is  always  formed  under  these  circumstances. 

(NOTE.  — This  experiment  is  also  a  test  for  alcohol.) 

Experiment    172.  —  Preparation   and    Properties  of   Acetates. 

Materials  for  (d)  :  Sodium  carbonate,  acetic  acid,  concentrated  sul- 
phuric acid,  alcohol,  porcelain  (or  agate)  dish.  For  (b)  :  Litharge, 
acetic  acid,  porcelain  dish. 

Prepare  one  or  both  of  the  following  acetates  :  — 

(a)  Sodium  acetate.  Dissolve  20  grams  of  sodium  carbonate  in  10 
cubic  centimeters  of  water  in  a  porcelain  (or  agate)  dish,  and  slowly 
add  30  cubic  centimeters  of  commercial  acetic  acid,  with  constant  stir- 
ring. If  the  solution  is  not  acid,  add  a  little  more  acetic  acid.  Filter 
the  solution,  if  not  clear.  Evaporate  to  crystallization.  When  the 
crystals  have  formed,  remove  and  dry  them.  Describe  the  crystals. 
Prove  that  they  contain  water  of  crystallization.  Test  the  acetate  as 
follows:  (i)  Dissolve  a  little  in  water,  add  a  few  drops  of  concen- 
trated sulphuric  acid,  and  boil.  What  does  the  odor  show  is  present? 
What  other  acids  have  been  similarly  prepared?  (2)  Dissolve  as  in 
(i),  add  a  few  drops  of  alcohol  and  of  sulphuric  acid,  and  boil.  What 
does  the  odor  conclusively  prove?  Preserve  the  crystals,  finally,  in  a 
glass-stoppered  bottle,  or  in  one  having  a  cork  covered  with  paraffin. 

(£)  Lead  acetate  (poisonous}.  To  10  grams  of  litharge  add  18  cubic 
centimeters  of  commercial  acetic  acid  in  small  portions.  Stir  the  mix- 
ture constantly  during  the  addition  of  acid.  After  all  the  acid  has  been 
added,  heat  gently  until  the  action  ceases.  (If  the  solution  is  green  or 
bluish,  it  is  due  to  a  copper  compound.  The  copper  may  be  precipi- 
tated and  removed  mechanically  by  standing  a  strip  of  lead  in  the  solu- 
tion for  an  hour  or  more.  Pour  off  the  clearer  liquid  and  then  filter.) 
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Evaporate  cautiously  to  crystallization.  Remove  the  crystals  from 
the  liquid,  and  dry  at  a  moderate  temperature.  Preserve  the  crystals 
finally  as  in  (a).  Describe  the  crystals.  Test  them  for  lead  (see  Exp. 
145  (<£)),  and  for  an  acetate. 


Experiment  173.  —  Properties  of  Certain  Organic  Acids.  Mate- 
rials: Tartaric  and  citric  acids,  potassium  permanganate  solution, 
sodium  bicarbonate,  sugar,  concentrated  nitric  acid,  evaporating  dish, 
litmus  paper. 

(1)  Tartaric  acid.     Observe  and  describe  the  results  in  the  follow- 
ing :     (a)  Taste  cautiously  a  dilute  solution  of  tartaric  acid,     (b)  Apply 
the  litmus  test.     (V)  Add  a  little  of  the  solution  to  a  sodium  bicarbonate 
solution,     (d}  Dissolve  two  or  three  crystals  of  potassium  permanga- 
nate in  a  test  tube  half  full  of  water,  add  a  little  sodium  hydroxide  solu- 
tion and  two  or  three  pieces  of  tartaric  acid  (solid).     Warm  gently,  but 
do  not  shake.     The  change  is  due  to  the  reduction  of  the  potassium 
permanganate  by  the  tartaric  acid. 

(2)  Citric  acid.     Proceed  as  in  (i)  with  citric  acid. 

(3)  Oxalic  Acid,     (a)  This  acid  is  poisonous.    Do  not  taste  it. 
(<£)  and  (£)  Proceed  as  in  (i).     (d)  Dissolve  two  or  three  crystals 
of  potassium  permanganate  in  a  test  tube  half  full  of  water  and  add  half 
the  volume  of  sulphuric  acid.     Add  oxalic  acid  solution  until  a  decided 
change  appears.     Describe  and  explain  it.     (*)  Add  a  few  drops  of 
ink  to  oxalic  acid  solution,  and  shake.     Describe  the  result. 

Experiment  174.  —  Preparation  and  Properties  of  Ethyl  Ace- 
tate. 

Repeat  Experiment  171. 
ANSWER  : 

(1)  What  class  of  organic  compounds  does  ethyl  acetate  represent  ? 
What  general  property  has  this  class  ? 

(2)  To  what  inorganic  compound  does  ethyl  acetate  correspond? 

(3)  What  is  the  relation  of  ethyl  acetate  to  (#)  alcohol  and  (£)  ace- 
tic acid  ? 

Experiment  175.  —  Preparation  of  Soap. 

Prepare  soap  in  an  iron  or  a  tin  dish  by  one  of  the  following 
methods  :  — 
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(a)  Dissolve  10  grams  of  sodium  hydroxide  in  75  cubic  centimeters  of 
water,  add  30  grams  of  lard,  and  boil  until  the  mixture  begins  to  solidify. 
Then  add  20  grams  of  fine  salt  in  small  portions.  Stir  constantly  during 
the  addition  of  the  salt.  Boil  a  few  minutes.  Let  the  mass  cool,  and 
then  remove  the  soap,  which  will  form  in  a  cake  at  the  surface. 

(£)  Dissolve  13  to  15  grams  of  sodium  hydroxide  in  100  cubic  centi- 
meters of  water,  add  100  cubic  centimeters  of  castor  oil,  and  boil  for 
about  half  an  hour.  Add  20  grams  of  salt,  and  then  proceed  as  in  («). 

(c)  Dissolve  8  grams  of  potassium  hydroxide  in  150  cubic  centi- 
meters of  alcohol,  add  10  grams  of  lard,  and  stir  constantly  while  the 
mixture  is  being  heated  cautiously  to  sirupy  consistency.  Allow  the 
solution  to  cool.  The  jelly  like  product  is  soap. 

Preserve  a  sample. 

Experiment  176.  —  Properties  of  Soap.  Materials:  Soap,  sul- 
phuric acid,  calcium  sulphate,  magnesium  sulphate,  and  acid  calcium 
carbonate  solutions. 

Test  as  follows  the  soap  prepared  in  Experiment  175  :  — 

(a)  Leave  soap  shavings  exposed  to  the  air  for  several  days.  What 
does  the  result  show  about  the  presence  of  water  in  the  soap  ? 

(^)    Test  soap  solution  with  litmus  paper. 

(c)  Add  considerable  dilute  sulphuric  acid  to  a  soap  solution.     The 
precipitate  is  a  mixture  mainly  of  palmitic  and  stearic  acids.    Describe  it. 

(d)  To  a  little  soap  solution  in  separate  test  tubes  add  calcium  sul- 
phate and  magnesium  sulphate  solutions.     Describe  the  result.     Boil 
for  a  few  minutes  and  describe  the  result.     Prepare  a  solution  of  acid 
calcium  carbonate  by  passing  carbon  dioxide  into  limewater  until  the 
precipitate  is  redissolved  (see  Exp.  69).     Add  some  of  the  solution  to 
a  soap  solution,  and  describe  the  result.     Boil,  as  above,  and  describe 
the  result. 

ANSWER  : 

(1)  What  is  hard  water  ?     Soft  water  ? 

(2)  What   is   permanent   hardness?     Temporary   hardness?     How 
can  the  later  be  removed  ? 

Experiment  177.  — Properties  of  Glycerine. 

(#)  Add  a  little  glycerine  to  a  test  tube  half  full  of  water,  and  shake. 
Add  considerable  more  glycerine,  and  shake.  What  does  the  result 
show  about  the  solubility  of  glycerine  in  water? 
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(£)  Cautiously  taste  the  liquid  resulting  from  (a).  Describe  the 
result. 

Experiment  178.  —  Fehling's  Test  for  Sugar.  Materials:  Copper 
sulphate,  Rochelle  salt,  sodium  hydroxide,  and  grape  sugar  solutions. 

Mix  equal  (and  small)  volumes  of  copper  sulphate,  Rochelle  salt,  and 
sodium  hydroxide  solutions  in  a  test  tube,  and  boil  carefully.  The 
mixture  should  be  strongly  alkaline.  Add  a  little  grape  sugar  solution, 
and  boil  until  a  decided  change  is  produced.  The  precipitate  is  cuprous 
oxide.  Describe  it. 

(NOTE.  —  Cane  sugar  must  be  changed  to  grape  sugar  by  boiling 
with  dilute  sulphuric  acid  before  the  above  test  is  applicable.) 

Exercises  for  Review. 

1.  What  happens  to  sugar  and  starch   (a)  when  heated,  and   (b} 
when  treated  with  concentrated  sulphuric  acid  ? 

2.  What  is  the  test  for  starch  ? 

3.  Discuss  the  solubility  of  alcohol  in  water. 

4.  What  is  the  effect  of  heat  upon  paper  and  cotton?     Of  potassium 
permanganate  on  paper? 

Experiment  179.  —  Properties  of  Benzene. 

Put  one  or  two  drops  of  benzene  in  an  evaporating  dish,  and 
cautiously  bring  a  lighted  match  near  it.  Describe  the  result. 

LABORATORY     EQUIPMENT. 

The  Equipment  of  a  laboratory  should  be  limited  solely  by  the  means 
at  the  disposal  of  the  teacher.  Accurate  and  rapid  work  is  largely 
determined  by  the  available  facilities,  and  no  pains  should  be  spared 
to  secure  the  equipment  which  will  yield  the  largest  educational  return 
for  the  time  and  money  expended. 

The  lists  given  below  include  the  apparatus  and  chemicals  needed  for 
the  experiments  in  this  book.  Quantities  and  prices  have  been  omitted 
in  justice  to  teachers,  dealers,  and  the  author.  Different  teachers  use 
different  quantities,  prices  fluctuate,  and  qualities  vary.  The  author,  at 
his  own  suggestion,  has  lodged  with  the  L.  E.  Knott  Apparatus  Co.,  16 
Ashburton,  Plage,  Boston,  Mass.,  information  regarding  the  quantities. 
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of  apparatus  and  chemicals  used  by  his  classes.  It  is  hoped  that  teach- 
ers will  correspond  with  both  author  and  dealer  when  preparing  order 
lists.  The  author  takes  this  opportunity  to  say  that  he  has  no  financial 
connection  whatever  with  any  dealer  in  scientific  supplies. 


LIST  A.  — INDIVIDUAL  APPARATUS. 

This  list  includes  the  apparatus  constantly  used  by  a  single  student, 
who  should  be  provided  with  each  piece.  The  set  will  cost  from  $4.75 
to  $5.  The  discount  on  apparatus  in  this  and  succeeding  lists  depends 
upon  the  total  amount  of  the  order. 


6  Test  tubes,  6  x  |. 

3  Test  tubes,  8  x  i. 

i  Test-tube  holder. 

i  Test-tube  rack. 

i  Test-tube  brush. 

i  Bunsen  burner. 

i  Blowpipe. 

i  Blowpipe  tube. 

5  Bottles,  wide  mouth,  250  cc. 

i  Funnel,  2.\  in. 

i  Evaporating  dish. 

i  Pair  iron  forceps. 

i  Triangular  file. 


i  Mortar  and  pestle,  3  in. 
i  Deflagrating  spoon. 

1  Pneumatic  trough. 

2  ft.  Rubber  tubing,  \  in.  in  diam. 
100  Filter  papers,  4  in. 

i  ft.  Glass  rod. 

6  in.  Rubber  tubing,  T\. 

i  One-hole  and  i  two-hole  rubber 

stopper  to  fit  large  test  tube. 
4  ft.    Glass    tubing   to   fit  rubber 

stoppers  (above), 
i  Safety  tube. 


LIST  B.  —  SPECIAL  APPARATUS. 

This  list  includes  apparatus  used  occasionally.     Numbers  in  paren- 
theses refer  to  experiments.     The  set  will  cost  from  $3  to  $3.25. 


i  Crucible,  Hessian,  4  in.  deep  (59, 

90). 

i  Dish,  lead  (80). 
i  Flask,  Erlenmeyer,  250  cc.  (25). 
i  Pinchcock,  Mohr  (96). 
i  Screw,  Hofmann  (25). 
i  Thistle  tube  (96). 
I  Lamp  chimney  (77). 


i  Graduated   cylinder,   25   cc.   (25 

and  others), 
i  Magnet  (156). 

Candle  (63,  77). 

Sand-bath  pan,  4  in. 

Wing-top  burner  (Int.  §  3(£)  ). 

Dish,  iron  or  tin  (109,  in). 

Retort,  250  cc.  (49). 


List  E.  —  Chemicals. 


LIST  C  — APPARATUS    FOR  TEACHER'S   EXPERIMENTS. 

This  list  includes  the  additional  apparatus  for  the  Teacher's  Experi- 
ments. Numbers  in  parentheses  refer  to  experiments.  The  set  will 
cost  about  $11. 


Electrolysis  apparatus  (22,  36). 
Flask,  500  c.c.  (10,  13,  165). 
Two-hole  rubber  stopper  for  above. 
U-tube  (10,  73,  165). 

2  One-hole    rubber    stoppers    for 
above. 

4  in.  Capillary  tubing  (10,  22,  36). 

3  ft.  Glass    tubing   to    fit   rubber 
stoppers. 


i  Safety  tube  (10). 

i  Condenser  complete  (13,  165). 

i  Tripod  (13). 

i  Thermometer  (165). 

i  Chlorine  tube  (23). 

i  Ignition  tube,  6  in.  (73). 

i  Bottle,  wide  mouth,  50  cc.  (10). 

Battery,  3  cells  (Grenet) (22, 36, 37). 

i  Bottle,  2000  cc.  (165). 


LIST  D.  — GENERAL   APPARATUS. 

This  list  includes  the  general  laboratory  apparatus.  It  should  be 
extended  as  demands  arise.  If  does  not  include  such  items  as  dupli- 
cate stoppers,  extra  glassware,  tools,  etc.  Special  inexpensive  articles 
are  noted  in  the  experiments  and  in  the  "  Handbook  for  Teachers " 
accompanying  this  book. 

Corks,  assorted. 

Copper  wire.  No.  24. 

Glass  plates,  4  x  4  in. 

Iron  stands,  3  rings,  2  clamps. 

Matches. 


Wire  gauze,  iron,  4  x  4  in. 
Wooden     blocks,    6  x  6  x  i 


in., 


6  x  6  x  |  in.,  4  x  4  x  |  in.  (with 
\  in.  hole  in  center — see  Exp. 
38). 


Sand. 

Wood,    thin    sticks    (Exp.   6   and 

others). 

Rule,  foot  and  30  cm. 
Scales,  trip. 
Weights  for  above. 
Tapers. 
Emery  paper. 
Kerosene  lamp. 
Graduated  cylinders,  500  cc.,  100  cc. 


LIST  E.  — CHEMICALS. 

This  list  includes  the  chemicals  needed  for  this  book.     Numbers  in 
parentheses  refer  to  experiments  -in  which  the  chemicals  are  used. 


Acid,  acetic, 
citric. 


Acid,  hydrochloric, 
nitric. 
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Acid,  oxalic. 

pyrogallic  (25). 
sulphuric, 
tartaric. 
Alcohol,  ethyl. 

methyl  (167). 
Alum,  chrome. 

potassium. 
Aluminium,  metal. 

sulphate. 

Ammonium,  chloride, 
hydroxide, 
nitrate, 
oxalate. 
sulphide. 

Arsenious  oxide  (95,  105). 
Asbestos,  shredded  (73). 
Baking  powder  (68) . 
Barium  chloride. 

nitrate  (125). 
Benzene  (179). 
Bismuth  (107). 
Bleaching  powder. 
Borax  (powd.). 
Cadmium  chloride  (131). 
Calcium  carbide  (72). 

carbonate  (marble), 
chloride, 
fluoride  (80). 
oxide  (lime), 
sulphate. 

Carbon  disulphide. 
Chalk  (native)  (68). 
Charcoal,  animal  (powd.). 
lump. 

wood  (powd.). 
Coal,  soft. 
Cobalt  nitrate. 
Cochineal. 


Coin  (silver). 
Copper  nitrate, 
sheet. 

sulphate  (cryst.). 
Cotton  (absorbent). 
Cream  of  tartar.  • 
Ether. 

Galena  (148). 
Gelatine. 
Glycerine. 
Gold  leaf  (book). 
Hematite  (161). 
Indigo. 
Iodine. 
Iron,  chloride  («:). 

filings. 

powder. 

pyrites  (161). 

sulphate  (aus). 

sulphide  (ous). 

wire  (fine). 

wrought. 
Kerosene. 
Lead  acetate. 

carbonate. 

dioxide  (peroxide). 

nitrate. 

monoxide  (litharge), 

sheet. 

tea. 

tetroxide. 
Limonite  (161). 
Litmus  paper. 
Magnesium  oxide, 
ribbon, 
sulphate 

Magnetite  (161). 
Manganese  dioxide, 
sulphate. 


Solutions. 
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Mercury. 

Mercuric  chloride, 
nitrate, 
oxide  (7). 
Mercurous  nitrate. 
Mustard. 

Nickel  chloride  (162). 
Paraffin. 

Phenolphthalein  (66). 
Picture  cord  (iron)  (6). 
Potassium,  metal  (no). 

bromide. 

carbonate. 

chlorate  (cryst.). 

chlorate  (powd.). 

chloride. 

chromate. 

dichromate. 

ferricyanide. 

ferrocyanide. 

hydroxide. 

iodide. 

nitrate. 

permanganate. 

sulphate. 

sulphocyanide  (thiocya- 

nate)  (157-158). 
Pyrite  (161). 
Rochelle  salt  (178). 
Rosin. 

Selenite  (gypsum,  cryst.). 
Shellac. 
Siderite  (161). 
Silver  nitrate. 
Soap. 


Soda  lime  (164). 
Sodium,  metal. 

bicarbonate. 

carbonate. 

chloride. 

hydroxide. 

hyposulphite  (thiosul- 
phate). 

nitrate. 

phosphate   (disodium 
phosphate) . 

silicate  (101). 

sulphate. 

sulphite  (96). 

Stannous  chloride  (tin  crystals). 
Starch. 
Steel. 

Strontium  nitrate  (123). 
Sugar,  cane. 

grape  (165). 
Sulphur,  flowers. 

roll. 

Tartar  emetic. 
Tin,  granulated. 
Tooth  powder  (68). 
Turpentine. 
Vaseline. 
Vinegar. 
Water,  distilled. 
Whiting  (68). 
Wood  ashes. 
Zinc,  granulated, 
oxide, 
sheet, 
sulphate. 


SOLUTIONS. 

The  following  solutions  are  needed  for  the  experiments  in  this  book. 
Those  not. included  are  described  in  the  experiments  requiring  their  use. 
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Alum.  10  per  cent. 

Ammonium  chloride,  10  per  cent. 

Ammonium  hydroxide,  I  vol.  to  3 
vols.  water. 

Ammonium  oxalate,1  4  per  cent. 

Ammonium  sulphide,  I  vol.  to 
i  vol.  water. 

Barium  chloride,2  5  per  cent. 

Battery  solution  (Grenet).  Dis- 
solve 103  gm.  powdered  potas- 
sium dichromate  in  I  liter  of 
water  and  slowly  add  103  gm. 
cone,  sulphuric  acid  with  con- 
stant stirring. 

Calcium  chloride,  10  per  cent. 

Chlorine  water,1  saturated  (see 
Exp.  23,  38). 

Cobalt  nitrate,  5  per  cent. 

Cochineal.  Prepare  as  described 
under  Indigo. 

Copper  sulphate,  10  per  cent. 

Disodium  phosphate,  10  per  cent. 

Ferric  chloride,  5  per  cent. 

Ferrous  sulphate,1  10  per  cent. 

Hydrochloric  acid,  I  vol.  to  4  vols. 

Indigo.  Grind  a  little  with  water 
and  dilute  as  desired. 

Iodine.  Grind  to  solution  12  gm. 
iodine,  20  gm.  potassium  iodide, 
10  cc.  water,  and  add  to  1000  cc. 
water. 

Lead  acetate,  10  per  cent. 

Lead  nitrate,  10  per  cent. 

Li  me  water.  Let  water  stand  over 
lime  for  several  days,  and  siphon 
off  the  clear  liquid. 


Magnesium  sulphate,  roper  cent. 

Manganese  chloride,  10  per  cent. 

Mercuric  chloride,  5  per  cent.  Poi- 
son. 

Mercurous  nitrate,3  5  per  cent. 

Nitric  acid,  I  vol.  to  4  vols.  water. 

Potassium  bromide,  5  per  cent. 

Potassium  chloride,  5  per  cent. 

Potassium  chromate,  10  per  cent. 

Potassium  dichromate  (or  bichro- 
mate), 5  per  cent. 

Potassium  ferricyanide,  10  per 
cent. 

Potassium  ferrocyanide,  10  per 
cent. 

Potassium  hydroxide,  10  per  cent. 

Potassium  iodide,  5  per  cent. 

Potassium  nitrate,  10  per  cent. 

Potassium  permanganate,2  5  per 
cent. 

Potassium  sulphate,  10  per  cent. 

Potassium  thiocyanate  (or  sulpho- 
cyanide),  i  per  cent. 

Silver  nitrate,  5  per  cent. 

Sodium  carbonate,  10  per  cent. 

Sodium  chloride,  10  per  cent. 

Sodium  hydroxide,  10  per  cent. 

Stannous  chloride.1  Dissolve  500 
gm.  of  the  salt  in  1000  cc.  hot 
cone,  hydrochloric  acid,  and  add 
a  piece  of  tin. 

Sulphuric  acid,  I  vol.  to  4  vols. 
water. 

Tartar  emetic,  10  per  cent. 

Zinc  sulphate,  10  per  cent. 


1  Must  be  freshly  prepared.  2  Use  distilled  water. 

8  Use  distilled  water,  and  add  75  cc.  concentrated  nitric  acid  and  a  little  mercury. 
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Absolute  zero,  439. 
Acetates,  417. 

Ethyl,  419. 

Metallic,  419. 
Acetic  acid,  415. 

Constitution,  170,  416. 

Glacial,  415. 

Preparation,  415. 

Properties,  415. 

Series,  414. 

Test,  419. 
Acetylene,  116,  205. 

As  illuminant,  206. 

Burner,  207. 

Composition,  206. 

Explosive  properties,  205. 

Flame,  207,  216. 

Generation,  207. 

Liquid,  205. 

Series,  202. 
Acetylides,  206. 
Acid,  acetic,  415. 

Benzoic,  431. 

Boracic,  261. 

Boric,  261. 

Butyric,  417. 

Capric,  421. 

Caproic,  421. 

Carbolic,  431. 

Carbonic,  194. 

Chloric,  91. 

Chlorous,  91. 

Citric,  419. 

Cyanic,  198. 

Ethyl  sulphuric,  414. 

Fuming  sulphuric,  251, 


Acid,  continued. 
Gallic,  432. 
Glacial  acetic,  415. 
Glacial  phosphoric,  268. 
Hydriodic,  232. 
Hydrobromic,  230. 
Hydrochloric,  140. 
Hydrocyanic,  198. 
Hydrofluoric,  227. 
Lactic,  418. 
Malic,  418. 
Metaphosphoric,  268. 
Metastannic,  355. 
Muriatic,  92,  140. 
Nitric,  154. 
Nitrosylsulphuric,  248. 
Nitrous,  159. 

Nordhausen  sulphuric,  252. 
Orthophosphoric,  268. 
Oxalic,  417. 
Palmitic,  417. 
Perchloric,  91. 
Picric,  431. 
Prussic,  198. 
Pyrogallic,  431. 
Pyroligneous,  415. 
Pyrophosphoric,  269. 
Pyrosulphuric,  252. 
Salicylic,  431. 
Silicic,  257. 
Stearic,  417. 
Sulphocyanic,  198. 
Sulphuric,  246. 
Sulphurous,  244,  245. 
Tannic,  432. 
Tartaric,  418. 
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Acid  calcium  sulphate,  245. 

Of  air,  196. 

Oxide,  97. 

Phosphate,  90,  269. 

Potassium  fluoride,  226. 

Reaction,  90. 

Salt,  96. 

Sodium  carbonate,  289. 

Sodium  sulphate,  245. 

Sulphates,  251. 
Acidity,  94. 
Acids,  90. 

And  ionization,  129. 

And  oxygen,  18. 

Chlorine,  91. 

Commercial  names,  92. 

Defined,  90. 

Dibasic,  92. 

General  properties,  87. 

In  familiar  substances,  90. 
.    Monobasic,  92. 

Nomenclature,  91. 

Organic,  92,  414. 

Oxygen  in,  97. 

Relation  of  oxides  to,  96. 

Tribasic,  92. 
Addition  products,  204. 
Agate,  255. 
Air,  61. 

Acid  of,  196. 

Alkaline,  149. 

Bad,  67. 

Composition,  64. 

Dephlogisticated,  1 8. 

Empyreal,  18. 

Fixed,  196. 

Gravimetric  composition,  66. 

Hydrogen  dioxide  in,  60. 

Liquid,  69. 

Marine  acid,  140. 

Mixture,  69. 

Relative  humidity,  66. 

See  Atmosphere. 

Slaked  lime,  324. 

Solubility,  69, 


Index. 


Air,  continued. 

Volumetric  composition,  64. 

Weight  of  liter,  62. 
Alabaster,  326. 
Alchemists,  154,  157,   158,  235,  246, 

251,  3°8,  3M,  354.  37°- 
Alcohol,  ethyl,  409. 

Absolute,  410. 

Commercial,  410,  411. 

Constitution,  407. 

Fermentation,  416. 

Formulas,  407. 

Oxidation,  412. 

Preparation,  410. 

Pure,  410. 

Test,  419. 

Uses,  410. 
Alcohol,  methyl,  409. 

Triacid,  420. 

Wood,  409. 
Alcoholic  liquors,  411. 
Alcohols,  408. 

Constitution,  409. 

General  nature,  408. 
Aldehyde,  acetic,  412. 

Benzoic,  431. 

Formic,  412. 

Salicylic,  432. 
Aldehydes,  412. 
Alizarin,  367,  432. 
Alkali,  92,  93,  94. 

Action  on  litmus,  92. 

And  glass,  259. 

Metals,  284. 

Sodium  carbonate,  289. 

Volatile,  93,  149. 
Alkalies,  common  names,  92. 

Fixed,  93. 

Properties,  93. 
Alkaline,  92. 

Air,  149. 

Earth  metals,  319. 

Reaction,  92. 

Silicate,  257,  258, 
Alkaloids,  433, 


Index. 
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Allotrope,  191. 

Allotropic  modification,  191. 

Carbon,  190. 

Silicon,  255. 

Sulphur,  239. 
Allotropism,  190. 
Allotropy,  191. 
Alloys,  282. 

Antimony,  356,  360. 

Copper,  305. 

Fusible,  337,  360. 

Lead,  360. 

Magnesium,  346. 

Manganese,  369. 

Mercury,  339. 

Nickel,  306. 

Platinum,  394. 

Silver,  311. 

Tin,  356. 

Zinc,  306,  336. 
Allylene,  202. 
Aludels,  338. 
Alum,  349. 

Ammonium,  349. 

Burnt,  349. 

Cake,  348. 

Chrome,  350,  367,  368. 

Concentrated,  349. 

General  formula,  350. 

History,  350. 

Iron,  386. 

Potassium,  349. 

Shale,  350. 

Slate,  350. 

Sodium,  349. 
Alumen,  343. 
Alumina,  346. 

Preparation,  347. 

See  Aluminium  oxide. 
Aluminates,  348. 
Aluminium,  343. 

Acetate,  350,  417. 

Alloys,  344,  346. 

Bronze,  305,  346. 

Carbide,  203. 


Aluminium,  continued. 

Chloride,  351. 

History,  343,  344,  345. 

Hydroxide,  348. 

Impurities,  345. 

In  gems,  347. 

Leaf,  346. 

Metallurgy,  343,  344. 

Name,  343. 

Occurrence,  343. 

Older  processes,  344. 

Oxide,  343,  346,  347. 

Price,  345. 

Production,  344. 

Properties,  345. 

Silicate,  351. 

Sulphate,  348. 

Test,  347. 

Uses,  346. 

Alumino  ferric  cake,  348. 
Aluminum.     See  Aluminium. 
Alumium,  343. 
Alunite,  350. 
Amalgamated  zinc,  339. 
Amalgamation,  281. 

Process  for  silver,  309. 
Amalgams,  defined,  282,  339. 

Gold,  339. 

Tin,  339,  356. 
Amethyst,  255. 

Oriental,  347. 
Ammonia,  147. 

Anhydrous,  148. 

As  a  refrigerant,  152. 

Composition,  153. 

Formation,  147. 

From  coal,  147,  148. 

In  ice-making,  152. 

Liquefied,  148,  149,  153. 

Muriate  of,  151. 

Near  stables.  147. 

Of  commerce,  148. 

Preparation,  147. 

Properties,  148. 

Soda  process,  289. 
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Ammonia,  continued. 

Uses,  152. 

Water,  149. 

Ammoniacal  liquor,  213. 
Ammonium,  150. 

Alum,  349. 

Carbonate,  152. 

Chloride,  151. 

Chloroplatinate,  394. 

Compounds,  152. 

Hydroxide,  148,  149,  150. 

Molybdate,  369. 

Nitrate,  152. 

Sulphate,  151. 

Sulphide,  152. 

Sulphocyanate,  152. 

Salts,  150. 
Amorphous,  184. 

Carbon,  181,  184,  190. 

Sulphur,  239,  240. 
Amygdalin,  432. 
Amyl  acetate,  419. 

Valerate,  419. 
Anaesthetic,  412,  413. 
Analysis,  3,  50. 

Qualitative,  242. 

Spectrum,  403. 

Water,  39. 
Anglesite,  357. 
Anhydride,  97. 

Carbonic,  195. 

Nitric,  163. 

Nitrous,  163. 
Anhydrite,  326. 
Anhydrous,  46. 
Aniline,  431. 

Dyes,  431. 

Animal  charcoal,  189. 
Anion,  120,  121. 
Annealing  glass,  260. 
Anode,  120,  121,  285,  291,  303,  312, 

332,  344- 
Anthracene,  432. 
Anthracite  coal,  185,  186. 
Antichlor,  138,  245,  252. 


Antidote  for  arsenic  poisoning,  273, 

385. 

Antifriction  metals,  336. 
Antimony,  274. 

Acids,  274. 

Alloys,  356,  360. 

As  metalloid,  278. 

Chlorides,  275. 

Compounds,  419. 

Name,  274. 

Oxides,  274. 

Oxychlorides,  275. 

Test,  275. 

Trisulphide,  274. 
Apatite,  225,  265. 
Aqua  ammonia,  148,  149. 

Fortis,  158. 

Regia,  1 60,  316. 
Argentiferous  lead,  308. 
Argentite,  308. 
Argentum,  308. 
Argol,  418. 
Argon,  68,  404. 
Aristotle,  61. 
Armor  plate,  380,  389. 
Arrhenius,  128,  442. 
Arsenic,  272. 

Acids  and  salts,  273. 

Antidote,  273,  385. 

As  metalloid,  278. 

Marsh's  test,  273. 

Ores,  272. 

Oxide,  272. 

Poisoning,  273,  385. 

Production,  272. 

Pyrites,  272. 

Sulphide,  273. 

Test,  273. 

Trioxide,  272. 

Uses,  272. 

Vapor  density,  169. 

White,  272. 
Arsenious  oxide,  272. 
Arsenolite,  272. 
Arsine,  273. 
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Artificial  diamonds,  346. 

Graphite,  118. 

Stone,  333. 
Asbestos,  331. 
Ash,  black,  288. 

Seaweed,  230,  231. 
Ashes     and     potassium     compounds, 

298. 
Atmosphere,  61. 

An,  62. 

And  plants,  194. 

Argon  in,  68. 

Carbon  dioxide  in,  67. 

Composition,  64. 

Inert  gases  in,  69. 

Ingredients,  62. 

Nitrogen  in,  72. 

Of  sun,  23. 

Oxygen  and  nitrogen  in,  63. 

Ozone  in,  22. 

Pressure,  62. 

Properties,  61. 

Water  vapor  in,  31,  66. 

See  Air. 

Atomic  theory,  79. 
Atomic  weights,  101. 

And  symbols,  103. 

And  valence,  178. 

Classification  by,  397. 

Determination,  170. 

Methods  of  determining,  173. 

Relation  of  properties  to,  398. 

Standards,  102. 

Table,  448. 
Atoms,  79,  81. 

And  ions,  125. 

And  molecules,  80. 

Combining  power,  176,  177,  406. 

In  a  molecule,  168,  174,  191,  204, 
232,  238,  267,  272,  286,  336, 
339,  407,  430. 

Replacement  of,  176. 

Space  relations,  178. 
Attraction,  chemical,  4. 
Aurum,  314. 


Avogadro,  167,  442. 
Hypothesis,  167. 
Azote,  63. 
Azurite,  301,  308. 

Babbitt's  metal,  336. 

Bacteria,  155. 

Baking  powder,  290,  418. 

Soda,  290. 
Balard,  230,  442. 
Bamboo,  257. 
Barite,  329. 
Barium,  328. 

Carbonate,  329. 

Chloride,  329.   . 

Compounds,  329. 

Dioxide,  59. 

Nitrate,  329. 

Oxides,  12,  59,  329. 

Sulphate,  329,  362. 

Sulphide,  329. 

Test,  329. 
Barley  sugar,  424. 
Baryta  water,  329. 
Base,  92,  93. 

Ammonium  hydroxide  as,  150. 

Diacid,  94. 

Monacid,  94. 

Triacid,  94. 
Bases,  88. 

And  ionization,  129. 

Nomenclature,  93. 

Relation  of  oxides  to,  96, 
Basic,  93. 

Bismuth  nitrate,  276. 

Oxides,  97. 

Salt,  96. 
Basicity,  92. 
Basil  Valentine,  246. 
Bath  metal,  305. 
Battery,  electric,  120. 

Leclanche,  151. 
Baux,  deposits  at,  348. 
Bauxite,  348. 
Becher,  16,  442. 


560 


Index. 


Beef  fat,  420. 
Beehive  oven,  189. 
Beer,  193,  411. 
Beet  sugar,  424. 

Potassium  carbonate  from,  297. 
Bell  metal,  306. 
Bench  of  retorts,  210. 
Benzene,  213,430. 

Constitution,  430. 

Derivatives,  430. 

Series,  202. 

Source,  429. 
Benzine,  208,  430. 
Benzoic  acid,  431. 

Aldehyde,  431.  , 
Benzol,  430. 
Bergman,  196,  443. 
Berlin  blue,  388. 
Berthollet,  77,  443. 
Beryllium,  401. 
Berzelius,  443. 

And  Dulong,  57. 
Bessemer,  443. 
Bessemer  steel,  381. 
Beverages,  sparkling,  193. 
Bicarbonate,  sodium,  195. 
Binary  compounds,  95,  176. 
Bismite,  275. 
Bismuth,  275. 

Carbonate,  275. 

Dioxide,  276. 

Hydroxide,  276. 

Nitrate,  276. 

Oxychloride,  276. 

Pentoxide,  275. 

Subnitrate,  276. 

Sulphide,  275. 

Test,  276. 

Trichloride,  276. 

Trioxide,  275. 
Bismuthinite,  275. 
Bismutite,  275. 
Bisulphite  of  soda,  245. 
Bittern,  229. 
Bituminous  coal,  185,  186,  210. 


Bivalent  elements,  176. 
Black,  196,  334,  443. 
Black  ash  process,  288. 

Damp,  203. 

Lead,  183,  357,  359. 

Magnesia,  370. 

Oxide  of  manganese,  370. 
Blast  furnace,  275,  281. 

Lamp,  29. 
Bleaching  by  chlorine,  136,  137,  138. 

Hydrogen  dioxide,  60. 

Sodium  peroxide,  293. 

Sulphur  dioxide,  244. 
Bleaching  powder,  137. 
Block  tin,  355. 

Pipe,  40. 
Blood  and  oxygen,  16,  17. 

Iron,  373. 

Blow,  water  gas,  213. 
Blowpipe,  222. 

Flame,  29,  222. 

Oxyhydrogen,  17,  28. 
Blue  paint,  417. 

Print  paper,  388. 

Stone,  307. 

Vitriol,  307. 
Bonds,  407. 
Bone  ash,  phosphorus  from,  265. 

Cupel,  310. 
Bone  black,  189. 
Bones,  271. 

Phosphorus  from,  265. 
Books,  reference,  450. 
Boracic  acid,  261. 
Boracite,  261. 
Borax,  261,  262. 

And  soldering,  263. 

Bead,  262. 
Boric  acid,  261. 
Borides,  261. 
Bornite,  301,  373. 
Boron,  261. 
Bort,  182. 
Boyle,  64,  443. 

Law,  19. 
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Brand,  265. 
Brandy,  411. 
Brass,  305. 

Cyprian,  301. 
Braunite,  369. 
Bread  making,  419,  427. 
Breathing,  1 6,  17. 
Bricks,  352. 
Brimstone,  238. 
Brines,  287. 

Britannia  metal,  306,  356. 
British  coal  fields,  187. 

Gum,  427. 
Brittle  metals,  279. 
Bromides,  230. 
Bromine,  228. 

Commercial  process,  229. 

Compounds,  230. 

Discovery,  230. 

Name,  229. 

Production,  230. 

Properties,  229. 

Uses,  230. 

Water,  229. 
Bronze,  305. 

Aluminium,  305. 

Phosphor,  305. 

Silicon,  305. 
Brown  iron  ore,  374. 
Bullets,  360. 
Bunsen,  64,  219,  284,  403,  443. 

Burner,  219. 

Flame,  219,  220,  221. 
Burette,  98. 
Burner,  acetylene,  207. 

Bunsen,  219. 

Self-lighting,  26. 
Burning,  15. 
Burnt  alum,  349. 
Butane,  203. 
Butter,  421. 

Artificial,  421. 

Rancid,  417. 
Butylene,  204. 
Butyric  acid,  417. 


Cadmium,  337. 

Sulphide,  337. 

Test,  337. 

Vapor  density,  169. 
Caesium,  284,  299,  403. 
Caffeine,  433. 
Cake,  alum,  348. 

Alumino  ferric,  348. 

Press,  296. 

Salt,  288. 
Calamine,  334. 
Calcarone,  236. 
Calcination  of  ores,  281. 
Calcite,  320. 
Calcium,  319. 

Preparation,  319. 

Properties,  319,  320. 

Test,  328. 
Calcium  acid  carbonate,  195. 

Acid  sulphate,  429. 

Borate,  262. 

Carbide,  116,  205,  207. 

Carbonate,  192,  195,  319,  320,  321. 

Chloride,  67,  327,  328. 

Fluoride,  225,  227. 

Hydroxide,  325.     See  Limewater. 

Hypochlorite,  137. 

Iodide,  319. 
-  Light,  29. 

Magnesium  carbonate,  331. 

Manganite,  370. 

Nitrate,  155. 

Oxide,  324.     See  Lime. 

Sulphate,  326,  327. 

Sulphide,  288,  328,  329. 
Calculations,  chemical,  103. 
Calico  printing,  350. 
Calomel,  340. 
Caloric,  1 1 2. 
Candle  flame,  216,  217,  218. 

Power,  216. 
Candles,  stearin,  422. 

Illuminating  gas,  216. 
Cane  sugar,  423. 

See  Sugar. 
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Cannizzaro,  443. 
Capric  acid,  421. 
Caproic  acid,  421. 
Caramel,  424. 
Carat,  diamond,  183. 

Gold,  316. 
Carbide,  aluminium,  203. 

Calcium,  116,  205,  207. 

Iron,  209. 
Carbohydrate,  423. 
Carbolic  acid,  431. 
Carbon,  181. 

Amorphous,  181,  184,  190. 

Boride,  261. 

Combining  power,  202. 

Compounds,  181,  405,  406. 

Disulphide,  112,  252. 

Gas,  190,  213. 

Silicide,  1 1 7,  258. 

Test,  189. 
Carbonado,  182. 
Carbonate,  acid,  195. 

Ammonium,  152. 
Carbonates,  195. 

Normal,  195. 
Carbon  dioxide,  191. 

And  combustion,  193. 

Composition,  195. 

Detection,  67,  68. 

Formation,  191. 

History,  196. 

In  air,  194. 

In  atmosphere,  67. 

Liquid,  193. 

Occurrence,  191. 

Other  names,  203. 

Preparation,  192. 

Properties,  193. 

Relation  to  life,  194. 

Solid,  193. 

Solubility,  42,  193,  194. 

Test,  192,  325. 
Carbonic  acid,  97,  194. 

Anhydride,  195. 

Oxide,  197. 


Carbon  monoxide,  196,  197. 

In  water  gas,  215. 
Carbonyl  chloride,  198. 

Nickel,  198. 
Carborundum,  117. 

Furnace,  117,  118. 
Carboxyl,  414. 
Carbureter,  213. 
Carbureting,  215. 
Carlisle  and  Nicholson,  53. 
Carnallite,  294,  295,  331. 

Magnesium  from,  332. 
Carnelian,  255. 
Cassiterite,  354. 
Casting  iron,  378. 
Cast  iron,  378. 

Varieties,  378. 
Castner,  284,  285. 
Catalysis,  250. 
Catalytic  action,  250. 
Catalyzer,  250. 
Cathode,  120,  1 21. 
Cation,  120,  121. 
Caustic  lime,  324. 

Lunar,  312. 

Potash,  297. 

Soda,  290. 
Cavendish,  16,  27,  30,  55,  64,  69,  157, 

443- 

Celestite,  328. 
Cell,  electrolytic,  122. 

Galvanic,  119. 

Voltaic,  119. 
Celluloid,  429. 
Cellulose,  428. 

Nitrates,  428. 
Cementation  process,  380. 
Cements,  325. 

Centigrade  thermometer,  439. 
Cerussite,  357,  361. 
Chalcedony,  255. 
Chalcocite,  301. 
Chalcopyrite,  301,  373. 
Chalk,  3'22,  323. 
Chalybeate  water,  37,  387. 
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Champagne,  193. 
Changes,  I. 
Chaptal,  72. 
Charcoal,  187. 

Animal,  187. 

Pit,  1 88. 

Wood,  187. 
Charles,  444. 

Law,  19. 

Checkerberry,  432. 
Chemical  action,  3,  in,  250. 

And  electricity,  ng. 

And  heat,  112. 

And  light,  51,  in. 

And  solution,  47. 

And  temperature,  113. 

Classes,  3. 

Chemical  attraction,  4. 
Chemical  calculations,  103. 
Chemical  change,  I,  2,  14,  47. 

And  ozone,  22. 
Chemical  compounds,  69. 
Chemical  energy,  in. 
Chemical  equivalents,  123. 
Chemicking,  138. 
Chemism,  4. 
Chemistry,  defined,  I,  2. 

Organic,  405. 
Chemists'  table,  447. 
.Chest,  256. 

Chili  saltpeter,  231,  292. 
Chinese  white,  336. 
Chloral,  412. 

Hydrate,  412. 
Chloride,  of  lime,  137. 

Test,  144. 

Chlorides,  139,  140,  143,  144. 
Chlorination  process,  315. 
Chlorine,  133. 

Acids,  91. 

And  hydrogen,  136. 

And  water,  57. 

Available,  137. 

Compounds,  296. 

Determination  of  atomic  weight,  171. 


Chlorine,  continued. 

Hydrate,  139. 

Liquid,  139. 

Name,  135. 

Nascent,  139. 

Occurrence,  133. 

Preparation,  133-134. 

Properties,  135. 

Uses,  139. 

Water,  51,  135. 
Chloroform,  412. 
Chlorophyll,  373. 
Chloroplatinic  acid,  394. 
Choke  damp,  203. 
Chroma.  365. 
Chromates,  366,  368. 
Chrome  alum,  350,  367,  368. 

Iron  ore,  365. 

Orange,  368. 

Red,  368. 

Steel,  366. 

Yellow,  367. 
Chromic  chloride,  368. 

Compounds,  368. 

Hydroxides,  368. 

Oxide,  368. 

Sulphate,  368. 
Chromite,  365. 
Chromites,  368. 
Chromium,  365. 

As  a  metal,  368. 

Compounds,  366,  368. 

In  minerals  and  rocks,  365. 

Name,  365. 

Ore,  365. 

Silicide,  258. 

Tests,  367,  368. 

Trioxide,  368. 

Uses,  365. 

Chromous  compounds,  368. 
Chronological  table  of  chemists,  447. 
Cinchona  tree,  433. 
Cinchonine,  433. 
Cinder,  375. 
Cinnabar,  338. 
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Citric  acid,  419. 

Classification,  organic  compounds,  408. 

Periodic,  398. 
Clay,  351,  352. 

Aluminium  from,  345. 
Clouds,  67. 
Coal,  184. 

And  graphite,  118. 

Beds,  184,  185. 

Bituminous,  185,  186,  210. 

Composition,  186. 

Distillation,  210. 

Distribution,  187. 

Fields,  1 86,  187. 

Fire,  196. 

Gas,  210. 

Gas  plant,  211. 

Mines,  gases  in,  202,  203. 

Products  from,  213. 

Section,  185. 

Soft,  185,  186,  189,  210. 
Coal  tar,  213. 

Dyes,  431. 
Cobalt,  389. 

Blue,  390. 

Test,  390. 
Cocaine,  433. 
Coca  plant,  433. 
Coffee,  433. 
Coins,  gold,  316. 

Nickel,  306,  389. 

Silver,  311. 
Coke,  189,  213. 

As  fuel,  190. 

Coal  gas  from,  210. 

From  petroleum,  209. 

In  iron  smelting,  377. 
Colemanite,  262. 
Collodion,  428. 
Colored  glass,  260. 
Color  of  metals,  279. 
Combination,  3. 

By  volume,  53. 

By  weight,  53. 

Of  gases,  1 66. 


Combustion,  15,  16,  28,  67,  148,  191. 

And  flame,  217. 

Old  theory,  15. 

Products,  218. 

Spontaneous,  14. 

Common  salt,  133,  286,  287.     See  So- 
dium chloride. 
Complete  fertilizer,  271. 
Components,  8. 
Composition,  ammonia  gas,  153. 

Coal,  1 86. 

Carbon  dioxide,  195. 

Earth's  crust,  6. 

Heavenly  bodies,  404. 

Hydrochloric  acid,  143. 

In  per  cent,  103. 

Natural  waters,  38. 

Nitric  acid,  157. 

Nitric  oxide,  162. 

Nitrous  oxide,  161. 

Of  a  compound,  50. 

Organic  compounds,  405. 

Water,  25,  27,  57. 
Compounds,  chemical,  8,  69. 

Saturated,  177. 

Unsaturated,  177,  178. 
Concentrated,  defined,  41. 

Alum,  349. 

Concentration  of  ore,  281. 
Condenser,  39,  40. 

Coal  gas,  212. 

Iodine,  231. 
Conductivity,  metals,  279. 

Solutions,  126-127. 
Cones,  Bunsen  flame,  220. 

Flame,  216-217. 
Conservation,  energy,  ill. 

Matter,  4,  104. 
Constitution,  benzene,  430. 

Organic  compounds,  406. 

See  Composition. 
Constitutional  formula,  407. 
Contact  method  for  sulphuric  acid,  24^ 
Converter,  381. 
Cooking  soda,  290. 
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Copper,  301. 

Acetate,  417. 

Alloys,  305,  316. 

And  sulphuric  acid,  243. 

Arsenite,  243. 

Carbonates,  301,  302,  303. 

Coins,  306. 

Compounds,  306. 

Electrolytic,  303. 

Fluoride,  227. 

From  Michigan,  301,  302. 

Glance,  301. 

History,  301. 

Iron  sulphides,  301,  302,  373. 

Metallurgy,  302. 

Name,  301. 

Native,  301,  302. 

Nitrate,  307. 

Ores,  301. 

Oxides,  301,  302,  303,  306,  307. 

Production,  302. 

Properties,  303. 

Purification,  303. 

Pyrites,  301. 

See  Cupric  and  Cuprous. 

Smelting,  302. 

Region,  map,  374. 

Replacement,  304. 

Replacing  power,  304. 

Silicide,  258. 

Sulphate,  307. 

Sulphide,  301,  307. 

Test,  304. 

Uses,  304. 
Copperas,  385. 
Coquina,  322. 
Coral,  323. 
Cordials,  411. 
Corrosive  sublimate,  340. 
Corundum,  343,  346,  347. 
Cottolene,  421. 
Courtois,  231,  444. 
Crayon,  323. 
Cream  of  tartar,  290,  418. 

Potassium  carbonate  from,  297. 


Crockery,  352. 

Crocoisite,  365. 

Crocoite,  365. 

Crocus,  384. 

Crucible  process  for  steel,  380. 

Cruikshank,  119. 

Cryolite,  225,  343,  344,  350. 

Crystal,  rock,  255. 

Crystals,  44,  440. 

Hexagonal,  441. 

Isometric,  441. 

Monoclinic,  442. 

Orthorhombic,  239,  441. 

Production,  440. 

Snow,  35. 

Systems,  440. 

Tetragonal,  441. 

Triclinic,  442. 
Crystallization,  44,  440. 

Water  of,  45,  46. 
Cubic  cleavage,  363. 
Cupel,  310. 
Cupellation,  310,  360. 
Cupric  compounds,  306. 

Oxide,  307. 

Sulphate,  307. 

Sulphide,  307. 
Cuprite,  301,  306. 
Cuprium  aes,  301. 
Cuprous  compounds,  306. 

Oxide,  306,  426. 

Sulphide,  307. 
Cuprum,  301. 
Current,  electric,  121. 
Cyanic  acid,  198. 
Cyanide,  mercury,  198. 

Potassium,  198. 

Process,  198,  315. 

Iron,  387. 
Cyanogen,  198. 
Cymogene,  208. 
Cyprian  brass,  301. 

Dalton,  77,  79,  444. 

Davy,    53,    97,    119,   135,    161,    182, 
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221,  231,  284,  286,   319,   343, 

444. 

Deacon's  process  for  chlorine,  134. 
Decay,  17,67,  155,  191. 
Decomposition,  3. 

Double,  3,  45. 

Heat  of,  113. 

Definite  proportions,  law,  76. 
Deflagration,  159. 
Dehydrated,  46. 
Deliquescence,  46,  67. 
Destructive  distillation,  188,  202. 
Determination,  atomic  weights,  170- 

171. 

Developer,  313. 
Deville,  343. 
Dewar,  29,  444. 

Bulb,  70. 
Dew  point,  66. 
Dextrin,  427. 
Dextrose,  425,  426. 
Diacid  base,  94. 
Diamond,  181,  182,  190. 

Artificial,  182. 

Cheap,  257. 

Drill,  182. 

Diatomaceous  earth,  256,  257. 
Diatoms,  256. 
Dibasic  acid,  92. 
Dicalcium  phosphate,  271. 
Dichlorethane,  204. 
Dichromates,  368. 
Diffusion,  26,  68. 
Diluents,  215. 
Dilute,  41. 

Diphosphates,  269,  271. 
Disinfectant,  carbolic  acid,  431. 

Formaldehyde,  413. 
Disodium  phosphate,  269. 
Displacement,  downward,  135. 

Upward,  148. 
Dissociation,  by  heat,  151. 

Electrolytic,  125,  127. 
Distillate,  40. 
Distillation,  39, 


Distillation,  continued. 

Coal,  210. 

Destructive,  188,  202,  204. 

Dry,  147. 

Petroleum,  208. 

Water,  39. 

Wood,  1 88,  409. 
Distilled  liquors,  411. 

Water,  40. 
Dolomite,  331,  334. 
Double  decomposition,  3,  45. 

Refraction,  320. 
Downward  displacement,  135. 
Drinking  water,  39. 

Lead  in,  359. 
Drummond  light,  29. 
Ductile  metals,  279. 
Dulong,  444. 

And  Petit,  172. 
Dumas,  182,  397,  444. 

And  Boussingault,  66. 

And  Stas,  56,  57. 
Dutch  leaf,  305. 

Metal,  305. 

Process  for  white  lead,  361. 
Dyads,  176. 
Dyeing,  350. 
Dynamite,  422. 

Earthenware,  352. 

Effervescence,  42,  193. 

Effervescing  powder,  290. 

Efflorescence,  46. 

Electric  battery,  120. 

Electric  furnace,  114-115,  184,  365. 

Industrial  use  of,  116. 
Electric  light  carbons,  209. 
Electrical  conductivity,  126. 
Electricity  and  chemical  action,  119. 
Electrochemical  equivalent,  123. 

Terms,  120. 
Electrochemistry,  119. 
Electrodes,  118,  120,  121,  184,  190, 
Electrolysis,  120. 

Aluminium  oxide,  343, 
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Electrolysis,  continued. 

And  solution,  126. 

Calcium  iodide,  319. 

Carnallite,  332. 

Copper  sulphate,  303. 

Galena,  358. 

Gold  solution,  315. 

Hydroxides;  284. 

Illustrations,  122. 

Industrial  application,  124. 

Metals,  281. 

Potassium  hydroxide,  294. 

Sodium  chloride,  122,  291. 

Sodium  hydroxide,  284. 

Sodium  nitrate,  302. 

Theory  of,  125. 

Water,  52,  123. 

Zinc  chloride,  122. 
Electrolytic  cell,  122. 

Copper,  303. 

Dissociation,  125. 

Process  for  chlorine,  134. 

Process  for  white  lead,  362. 

Separation  of  gold  and  silver,  315. 
Electro-negative  ions,  1 2 1,  122. 

Positive  ions,  121,  122. 

Silicon,  257. 

Thermal    manufacture    of    carbon 

disulphide,  252. 
Electrolyte,  120,  128. 
Electroplating,  124-125. 
Electrotyping,  124-125. 
Elements,  5,  6,  7,  448,  449. 

Acid  properties,  396. 

Basic  properties,  396. 

Bivalent,  176. 

Classification,  396. 

Families,  397. 

General  relations,  396. 

In  earth's  crust,  6. 

In  organic  compounds,  405. 

In  sun,  404. 

Numerical  relations,  397. 

Periodic  classification,  398. 

Prediction,  401. 


Elements,  continued. 

Quadrivalent,  176. 

Quinquivalent,  176. 

Spectra,  402. 

Table,  448,  449. 

Trivalent,  176. 

Univalent,  176. 
Emerald,  347. 
Emery,  343,  346. 
Empirical  formula,  178,  407. 
Emulsin,  432. 
Endothermic,  112. 
Energy,  chemical,  4. 

Mechanical,  33. 
Enriching  gas,  213,  215. 
Epsom  salts,  333. 
Equation,  83,  84. 

Gas,  175. 

Illustrating  reactions,  106. 

Ionic,  129,  130. 

Molecular,  175. 

Problems  based  on,  107. 

Quantitative  significance,  104. 

Thermal,  112. 

Volumetric,  175. 
Equivalents,  100. 

And  valence,  178. 

Chemical,  123. 

Electrochemical,  123. 

Multiples,  101. 

Table,  100. 
Erosion,  32. 
Esters,  419. 
Etching,  227. 
Ethane,  202,  203,  409. 

Graphic  formula,  407. 
Ether,  ethyl,  413. 

And  water,  43. 

Sulphuric,  414. 
Ethereal  salts,  419,  420. 
Ethers,  413. 
Ethyl,  406,  409. 

Acetate,  419. 

Alcohol,  406,  408,  409. 

Butyrate,  419. 
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Ethyl,  continued. 
Ether,  413. 
Oxide,  414. 
Sulphuric  acid,  414. 
Ethylene,  204. 
Chloride,  204. 
In  illuminating  gas,  216. 
Series,  202. 
Eudiometer,  53,  54. 
Evaporation,  440. 

Exercises,  9,  20,  30,  48,  58,  73,  85,  98, 
108,  130,  145,  163,  178,  198, 
222,  233,  253,  263,  276,  282, 
299,  317,  329,  340,  352,  363, 

372»  39°>  394»  4<H>  433- 
Exhauster,  212. 
Exothermic,  1 12. 
Exposure,  photographic,  313. 

Factors,  83. 

Fahrenheit  thermometer,  439. 

P'amilies  of  elements,  397. 

Faraday,  120,  123,  128,  139,  193,  444. 

Law,  123. 
Fats,  420. 

Fatty  acid  series,  414. 
Fehling's  solution,  426. 
Feldspar,  293,  343,  351. 
Fermentation,  192,  410. 

Acetic,  416. 

Alcoholic,  410. 

In  bread  making,  421. 

Sugar,  410. 
Ferments,  410. 

And  glucosides,  432. 
Ferric  compounds,  384. 

Chloride,  386. 

Ferrocyanide,  388. 

Hydroxides,  385. 

Oxide,  384. 

Sulphate,  385. 

Sulphide,  386. 
Ferricyanides,  387,  388. 
Ferrochrome,  366. 
Ferrocyanides,  387,  388. 


Ferro-ferric  oxide,  385. 
Ferromanganese,  369,  378. 
Ferrous  compounds,  384. 

Carbonate,  387. 

Chloride,  386. 

Ferric  oxide,  384. 

Ferricyanide,  388. 

Ferrocyanide,  388. 

Hydroxide,  385. 

Sulphate,  385. 

Sulphide,  240,  385. 
Ferrum,  373. 
Fertilizer,  73,  271. 

Manufacture,  271. 

Potassium  salts  as,  298. 

Sodium  nitrate  as,  292. 
Film,  photographic,  313. 
Filter,  charcoal,  188. 
Filtering  water,  39. 
Fire,  15. 

Damp,  202. 

Extinguisher,  194. 
Fireworks,  14,  332. 
Fixed  air,  196. 

Alkalies,  93. 

Fixing,  in  photography,  303. 
Flame,  216. 

Acetylene,  207,  216. 

And  combustion,  217. 

Bunsen,  219. 

Hydrogen,  27,  112. 

Non-luminous,  219,  220. 

Oxidizing,  221,  222. 

Oxyhydrogen,  29. 

Parts,  216-217. 

Reducing,  222. 

Smoky,  218. 
Flashing  point,  209. 
Flavors,  419. 
Flint,  255,  256. 
Flour,  wheat,  427. 
Flowerpots,  352. 
Flowers  of  sulphur,  238. 
Fluid,  magnesia,  334. 
Fluorides,  227,  343. 
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Fluorine,  225. 

Apparatus,  226. 

Isolation,  225. 

Liquid,  226. 

Name,  225. 

Properties,  226. 
Fluor  spar,  225,  226. 
Flux,  281,  375. 
Food,  water  in,  31,  32. 
Fool's  gold,  386. 
Formaldehyde,  412. 
Formalin,  413. 
Formation,  heat  of,  112. 
Formula,  82. 

Constitutional,  407. 

Empirical,  178,  407. 

Graphic,  178,  407,  413,  414. 

Molecular,  174. 

Rational,  407. 

Simplest,  104,  174,  175. 

Structural,  178,  407,  413,  414. 
Fossil,  from  coal  bed,  185, 
Frame,  for  soap,  423. 
Franklinite,  334. 

French  process  for  white  lead,  362. 
Fructose,  425. 
Fruit  sugar,  425. 
Fuming  acid,  nitric,  163. 

Sulphuric,  251. 
Furnace,  blast,  281,  375. 

Reverberatory,  281,  282. 
Fusible  alloys,  337,  360. 

Metals,  275. 
Fusion,  for  crystals,  440. 

Gahnite,  334. 
Galena,  357,  362. 
Crystals,  362. 
Gallic  acid,  432. 
Gallium,  401. 
Galvanic  cell,  119. 
Galvanized  iron,  336. 
Gangue,  280. 

Gaps  in  periodic  system,  401. 
Garnet,  347. 


Gas,  61. 

Carbon,  190,  213. 

Coal,  210. 

Effect  of  heat  on  volume,  18,  19. 

Effect  of  pressure  on  volume,  18. 

Equation,  175. 

Flame,  structure,  218. 

Holder,  212. 

Illuminating,  210. 

Marsh,  202. 

Natural,  209. 

Producer,  25. 

Sylvestre,  196. 

Volume,  reduction,  53,  54. 

Water,  25,  196,  213. 

Water,  plant,  214. 
Gases,  absorption  by  charcoal,  188. 

By  platinum,  394. 

Combination  by  volume,  166. 

Inert,  69. 

In  mines,  221. 

Properties,  166. 

Solution  of,  41. 
Gasolene,  208. 
Gay-Lussac,  55,  231. 

Law,  1 66. 

Tower,  249. 

Gelatine  plate  and  film,  313. 
Gems,  aluminium,  347. 

Artificial,  347. 

Glass,  260. 

Quartz,  257. 
Generator,  acetylene,  207. 

Water  gas,  213. 
German  process  for  white  lead,  362. 

Silver,  306,  389. 
Geyserite,  258. 
Gin,  411. 
Glacial  acid,  acetic,  415. 

Phosphoric,  268. 
Glass,  258. 

And  hydrofluoric  acid,  227. 

Annealing,  260. 

Blasting,  257. 

Blowing,  259,  260. 
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Glass,  continued. 

Bohemian,  260. 

Colored,  260. 

Constituents,  259. 

Crown,  260. 

Cut,  260. 

Flint,  260. 

Kinds,  258,  259. 

Manufacture,  259. 

Plate,  259. 

Polishing,  260. 

Production,  260. 

Typical  mixture,  259. 

Window,  259. 
Glauber,  140,  445. 

Salt,  292. 

Glazing  pottery,  352. 
Globigerina  ooze,  322,  323. 
Glover  tower,  248. 
Glucose,  425,  426. 
Glucosides,  432. 
Glyce  rides,  420. 
Glycerine,  420. 

Preparation,  422. 

Properties,  421. 

Relation  to  soap,  420. 

Uses,  421. 
Glycerol,  422. 
Glyceryl,  420. 

Oleate,  420. 

Palmitate,  420. 

Stearate,  420. 
Gneiss,  255. 

Gogebic  iron  range,  374. 
Gold,  314. 

Alloys,  314,  316. 

Amalgam,  339. 

Chloride,  315,  316,  317. 

Coin,  316. 

Compounds,  317. 

Cyanide,  315,  3 1 7. 

Distribution,  309,  314. 

Dust,  314. 

Dutch,  305. 
.     Finely  divided,  317. 


Gold,  continued. 

Fool's,  386. 

History,  313. 

Leaf,  316. 

Making,  314. 

Map  of  distribution,  309. 

Name,  314. 

Nugget,  314. 

Parting,  315. 

Pen  tips,  394. 

Plating,  317. 

Production,  314. 

Properties,  316. 

Purification,  315. 

Red,  316. 

Reduction  of  compounds,  317. 

Separation  from  silver,  315. 

Test,  317. 

Uses,  316. 

White,  316. 
Graham,  26,  445. 
Gram,  437. 
Granite,  255. 
Grape  sugar,  425,  426. 
Graphic     formula,     178,     407,     413, 

414. 
Graphite,  183,  190. 

Artificial,  118. 
Gravimetric,  53. 

Composition,  air,  66. 

Composition,  water,  55,  57. 
Gray  cast  iron,  378. 
Green  fire,  329. 

Pigments,  368. 

Vitriol,  246,  385. 
Grindstones,  256. 
Groups  of  elements,  397. 
Guano,  271,  331. 
Guignet's  green,  368. 
Gun  cotton,  428. 

Metal,  305. 
Gunpowder,  14,  296. 

Smokeless,  428. 
Gypsum,  326. 

Reduction  of,  235. 
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Haemoglobin,  373. 
Halides,  96,  225. 
Hall,  343- 

Process  for  aluminium,  343,  344. 
Halogens,  225. 
Haloid  salts,  225. 
Hardness,  of  metals,  279. 

Of  water,  37,  327. 

Permanent,  327. 

Temporary,  327. 
Hard  water,  37. 

Coal,  185,  1 86. 
Harveyized  steel,  380. 
Hausmannite,  369. 
Heat,     and     chemical     action,     112, 

US- 

And  oxidation,  14. 

From  burning  hydrogen,  112. 

In  electric  furnace,  114. 

Of  decomposition,  113. 

Of  formation,  112. 

Of  neutralization,  130. 
Heavenly  bodies,  constitution,  404. 
Helium,  69,  404. 
Hematite,  373. 
Henry's  law,  42. 

Heroult  process  for  aluminium,  344. 
Hexagonal  crystals,  441. 
Hofmann,  445. 

Apparatus,  52. 
Honey,  425. 
Horn  silver,  133,  308. 
Humboldt,  55. 
Hydrargyrum,  338. 
Hydrate,  93. 

Chlorine,  139. 
Hydrated,  46. 
Hydraulic  lime,  325. 

Main,  210. 

Mining,  314. 
Hydriodic  acid,  232. 
Hydrobromic  acid,  230. 
Hydrocarbons,  202,  408. 
Hydrochloric  acid,  140-143. 

Commercial,  141. 


Hydrochloric  acid,  continued. 

Composition,  143. 

Liquefied,  142. 

Test,  144. 

Hydrocyanic  acid,  198. 
Hydrofluoric  acid,  227,  257. 

Vapor  density,  228. 
Hydrogen,  23. 

And  chlorine,  136. 

And  periodic  classification,  401. 

And  steam,  24. 

And  water,  50. 

Arsenide,  273. 

Chemical  conduct,  27. 

Diffusion,  26. 

Dioxide,  59. 

Discovery,  30. 

Explosions,  28. 

Flame,  27. 

In  acids,  24,  87,  90. 

Ions,  121. 

Liquid,  29. 

Name,  25,  30. 

Peroxide,  59. 

Physical  properties,  25. 

Preparation,  24. 

Solid,  29. 

Valence,  176. 

Weight  of  liter,  25. 
Hydrogen  sulphide,  240,  241,  242. 

Composition,  241. 

Test,  242. 

Water,  241. 
Hydroquinone,  431. 
Hydroxides,  89,  93. 

And  alcohols,  409. 

Common  names,  93. 

Organic,  409. 
Hydroxyl,  89,  94. 
Hygroscopic,  46. 
Hypo,  91,  252. 
Hypophosphites,  269. 
Hyposulphite  in  photography,  313. 
Hypothesis,  76. 

Avogadro's,  167. 
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Ice,  32,  34,  35. 

Making  plant,  153. 

Manufactured,  153. 

Stone,  350. 
Iceland  spar,  320. 
Illuminants,  216. 
Illuminating  gas,  210. 

Carbon  monoxide  in,  197. 

Characteristics,  215. 

Composition,  215. 

Illuminating  power,  216. 

Impurities,  240. 

Luminosity,  2 1 6. 
Indicator,  98. 

Inert  gases  in  atmosphere,  69. 
Infusorial  earth,  256,  257. 
Ingots,  381. 
Ink,  385,  418. 

Indelible,  312. 

Printer's,  190. 

Writing,  433. 

Inorganic  compounds,  405. 
Insoluble  substances,  41. 

Sulphate,  test,  251. 
Intervals    in    periodic    classification, 

398. 

Iodides,  232. 
Iodine,  230. 

Commercial  preparation,  231. 

Compounds,  232. 

Detection,  232. 

Determination,  252. 

Discovery,  231. 

In  seaweed,  230. 

Name,  232. 

Preparation,  230. 

Production,  233. 

Properties,  231. 

Purification,  231. 

Source,  293. 

Test,  232. 

Uses,  233. 

Vapor  density,  232. 
lodoform,  233,  412. 
Ionic  equation,  129,  130. 


lonization,  125. 

And  acids,  bases,  and  salts,  129. 

Application,  129. 

Table,  127. 
Ions,  120,  121,  125,  126. 

Test  for,  129. 

Iridium,  226,  392,  393,  394. 
Iridosmine,  394. 
Iron,  373. 

Acetate,  417. 

Alum,  386. 

And  coke,  190. 

By  alcohol,  383. 

By  hydrogen,  383. 

Carbide,  209,  285. 

Carbonate  ores,  374. 

Cast,  377,  378. 

Chemistry  of  smelting,  377. 

Chlorides,  386. 

Compounds,  384.     See  Ferric  and 
Ferrous. 

Cyanides,  387. 

Disulphide,  386. 

Galvanized,  386. 

History,  373. 

Impurities,  377. 

Liquor,  417. 

Magnetic  oxide,  385. 

Malleable,  379. 

Map  of  deposits,  374. 

Metallurgy,  379. 

Ore,  373,  374. 

Ore,  chrome,  365. 

Ore,  consumption,  377. 

Ore,  deposits,  374. 

Ore,  reduction,  197,  375. 

Oxides,  384. 

Passive,  384. 

Pig,  377- 
Properties,  383. 
Pyrites,  373,  385,  386. 
Rust,  383. 
Rusting,  14. 
Silicide,  258. 
Smelting,  375. 
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Iron,  continued. 

Spiegel,  369. 

Sulphides,  386. 

Symbol,  373. 

Test,  388. 

Varieties,  377. 
Isomerism,  204. 
Isomers,  204. 
Isometric  crystals,  441. 
Ivory  black,  189. 

Jasper,  256. 
Javelle's  water,  139. 

Kainite,  294,  298,  331. 

As  fertilizer,  298. 
Kali,  204. 
Kalium,  294. 
Kaolin,  351,  352. 
Kassiteros..  354. 
Kelp,  231. 
Kerosene,  209. 
Kieserite,  331,  333. 
Kilogram,  437. 

Kindling  temperature,  113,  218,  221. 
Kirchhoff,  403,  445. 
Krypton,  69,  404. 

Labarraque's  solution,  139. 
Lactic  acid,  290,  418. 
Lactose,  425. 
Lake,  350. 
Lampblack,  190. 
Laudanum,  433. 

Lavoisier,  5,  15,  16,  18,  25,  27,  30,  50, 
55,  63,  64,  88,  97,    157,    182, 
196,  396,  445. 
Law,  75. 

Boyle,  19. 

Charles,  19. 

Conservation  of  energy,  in. 

Definite  proportions,  75,  76,  79. 

Faraday,  123. 

Gay-Lussac,  166. 

Henry,  42. 


Law,  continued. 

Matter,  5. 

Multiple  proportions,  77,  78. 

Periodic,  398. 

Specific  heat,  172. 
Lead,  357. 

Acetate,  363,417. 

Alloys,  360. 

Argentiferous,  308. 

Black,  183,  359. 

Carbonate,  357,  361. 

Carbonate,  basic,  361, 

Chambers,  249. 

Chloride,  363. 

Chromate,  367. 

Chromate,  native,  365. 

Compounds,  363. 

Compounds,  poisonous,  359. 

Cupellation  process,  310. 

Dioxide,  361. 

History,  357. 

Hydroxide,  362. 

In  drinking  water,  359. 

Interaction  with  metals,  359. 

Metallurgy,  358. 

Monoxide,  360. 

Nitrate,  363. 

Nitrate,     behavior      with      heat, 
163. 

Ore,  357. 

Oxides,  360. 

Parkes  process  for,  309. 

Pencils,  184. 

Peroxide,  361. 

Phosphate,  357. 

Pipe,  360. 

Production,  357. 

Properties,  358. 

Silver  bearing,  308. 

Spongy,  360. 

Sugar  of,  363,  417. 

Sulphate,  357,  363. 

Sulphide,  242,  357,  362,  363. 

Test,  363. 

Tetroxide,  360. 
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Lead,  continued, 

Uses,  359. 

White,  361. 
Leather,  433. 
Leblanc  process  for  sodium  carbonate, 

288. 

Lemon  juice,  90. 
Levulose,  425. 
Liebig,  230,  445. 
Life  and  carbon  dioxide,  194. 

Oxygen,  16. 

Nitrogen,  72. 

Phosphorus,  270. 

Potassium,  298. 

Light     and     chemical     action,     51, 
in. 

Silver  salts,  312,  313. 
Lignite,  185. 
Lime,  324. 

Air  slaked,  324. 

And  water,  113,  324. 

Caustic,  324. 

Chloride  of,  137. 

Hydraulic,  325. 

Light,  29,  324. 

Making,  192,  324,  325. 

Milk  of,  326. 

Quick,  324. 

Superphosphate,  271. 

Uses,  324. 

See  Calcium  oxide. 
Limekiln,  193,  325. 
Limestone,  320. 

As  flux,  377. 

Burning,  325. 

Caves,  321,  322. 

Fossil,  322. 

Solubility,  321. 

Uses,  323. 
Limewater,  325. 

And  carbon  dioxide,  192,  325. 

Detection,  68. 

Preparation,  326. 

See  Calcium  hydroxide. 
Liming,  138. 


Limonite,  373. 
Links,  407. 
Liquid  air,  12,  69. 

Acetylene,  205. 

Ammonia,  148-149,  153. 

Carbon  dioxide,  193. 

Chlorine,  139. 

Fluorine,  226. 

Hydrogen,  29. 

Oxygen,  18. 

Sulphur  dioxide,  244. 
Liquids,  solubility,  43. 
Liquor,  alcoholic,  411. 

Distilled,  411. 

Iron,  417. 

Red,  350. 

List  of  reference  books,  450. 
Litharge,  360. 
Lithia  water,  298. 
Lithium,  298. 

Citrate,  298. 

Discovery,  294. 

Test,  298. 
Litmus,  action  on,  acid,  90. 

Alkali,  92. 

Base,  92. 

Neutral  substance,  94. 

Salt,  94. 
Loadstone,  385. 
Lubricating  oil,  209. 
Luminosity,  illuminating  gas,  216. 

Of  flame,  218. 
Luminous  paint,  329. 
Lunar  caustic,  312. 
Luray  cavern,  321,  322. 
Luster,  279. 

Madder,  432. 
Magnalium,  346. 
Magnesia,  333,  334,  370. 

Alba,  334,  37°- 

Black,  370. 

Fluid,  334. 

Mixture,  333. 

Nigra,  370. 
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Magnesia,  continued. 

Stone,  370. 

Uses,  333. 
Magnesite,  334. 
Magnesium,  331. 

Alloy,  346. 

Bromide,  228. 

Calcium  carbonate,  331. 

Carbonate,  331,  334. 

Chloride,  333. 

Citrate,  334. 

Compounds  in  soil,  331. 

Compounds  and  water,  327. 

Hydroxide,  333. 

Nitride,  153,  332. 

Oxide,  333.     See  Magnesia. 

Phosphates,  331. 

Preparation,  332. 

Properties,  332. 

Ribbon,  332. 

Sulphate,  333. 

Uses,  332. 

Magnetic  oxide  of  iron,  385. 
Magnetite,  373,  385. 
Majolica,  352. 
Malachite,  301,  308. 
Malic  acid,  418. 
Malleable  iron,  379. 

Metals,  279. 
Mammoth  cave,  322. 
Manganates,  371. 
Manganese,  369. 

Alloys,  369. 

As  non-metal,  371. 

Black  oxide,  370. 

Compounds,  371. 

Dioxide,  369. 

Isolation,  370. 

History,  370. 

Name,  370. 

Ores,  369. 

Preparation,  369. 

Production,  369. 

Properties,  369. 

Test,  372. 


Manganese,  continued. 

Uses,  369. 
Manganesium,  370. 
Manganite,  369. 
Manganous  compounds,  371. 

Chloride,  370,  371. 

Hydroxide,  370. 

Sulphate,  371. 

Sulphide,  371. 
Mantle,  Welsbach,  222. 
Map,  copper  deposits,  374. 

Gold,  309. 

Iron,  374. 

Silver,  309. 
Marble,  320. 
Marchand  tube,  56. 
Marengo  cave,  322. 
Marquette  iron  range,  374. 
Marsh  gas,  202. 
Marsh's  test  for  arsenic,  273. 
Massicot,  360. 
Matches,  270. 
Matte,  copper,  302. 
Matter,  conservation,  4. 

Properties,  I,  2. 
Meadowsweet,  430. 
Meerschaum,  331. 
Mendeleeff,  398,  445. 
Menominee  iron  range,  374. 
Mercuric  chloride,  340,  357. 

Cyanide,  198. 

Nitrate,  340. 

Oxide,  1 8,  339. 

Sulphide,  338,  340. 
Mercurous  chloride,  339,  357. 

Nitrate,  340. 
Mercury,  337. 

Alloys,  339. 

Compounds,  339. 

Deposits,  338. 

Fulminating,  339. 

Name,  338. 

Native,  337. 

Ore,  338. 

Preparation,  338. 
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Mercury,  continued. 

Production,  338. 

Properties,  338. 

Purification,  338. 

Specific  heat,  172. 

Transportation,  338. 

Uses,  339. 

Vapor  density,  169,  339. 
Mesabi  iron  range,  374. 
Metal,  and  non-metal,  278. 

Babbit's,  336. 

Bath,  305. 

Bell,  306. 

Britannia,  306,  356. 

Dutch,  305. 

Gun,  305. 

Hypothetical,  150. 

Muntz,  305. 

Newton's,  275. 

Rose's,  275. 

Speculum,  306. 

Type,  360. 

White,  306. 

Wood's,  275,  337. 
Metallic  ions,  121. 

Luster,  279. 
Metalloids,  278. 
Metallurgy,  280. 

Copper,  302. 

Lead,  358. 

Iron,  375. 

Silver,  309,  310. 
Metals,  action  with  nitric  acid,  158. 

Alkali,  284. 

Alkaline  earth,  319. 

Antifriction,  336. 

Chemical  properties,  279. 

Classification,  396. 

Familiar,  7. 

Found  free,  280. 

General  properties,  278. 

Known  to  ancients,  280. 

Occurrence,  279. 

Physical  properties,  278. 

Platinum,  394. 


Metals,  continued. 

Preliminary  treatment,  280. 

Preparation,  280. 
Metamerism,  204. 
Metaphosphates,  269. 
Metaphosphoric  acid,  268. 
Metastannic  acid,  355. 
Metathesis,  3. 
Meter,  defined,  437. 

Gas,  212. 
Methane,  202,  409. 

Graphic  formula,  407. 

In  natural  gas,  209. 

Series,  202. 
Methyl,  406,  409. 

Alcohol,  409. 

Benzene,  430. 

Salicylate,  432. 
Methylated  spirit,  410. 
Metric  abbreviations,  438. 

Apparatus,  394. 

Equivalents,  438. 

System,  437. 

Ton,  32. 

Transformations,  438. 
Mexican  onyx,  322. 
Meyer,  Lothar,  398,  445. 
Mica,  293,  343. 
Microcosmic  salt,  269. 
Milk  of  lime,  326. 

Sulphur,  240. 

Milner's  process  for  white  lead,  362. 
Mineral,  defined,  280. 

Compounds,  405. 

Springs,  37,  42. 

Water,  37. 
Minerals,  258. 
Minium,  360. 
Mispickel,  272. 
Mixture,  9,  77. 

Air,  69. 

Modification,  allotropic,  191. 
Moissan,  114,  116,  182,  184,  225,  226, 

319,  365,  445. 
Moissan's  electric  furnace,  1 14. 
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Molecular  equation,  175. 

Formula,  174. 
Molecular  weights,  103,  128,  168. 

And  vapor  density,  168. 

Determination,  170,  171. 

Exact,  170. 

Hydrogen,  169. 

Steam,  169. 
Molecules,  80-81,  167-168. 

And  atoms,  80. 

And  equations,  175. 
Molybdenum,  369. 
Monacid  base,  94. 
Monads,  176. 
Monobasic  acids,  92. 
Monocalcium  phosphate,  271. 
Monoclinic  crystals,  442. 

Sulphur,  239. 
Monophosphates,  269. 
Mordants,  350,  357,  367. 
Morphine,  433. 
Mortar,  326. 
Moth  balls,  432. 
Mother  liquor,  230,  231. 
Mucilage,  427. 
Multiple  proportions,  law,  77-78. 

Table,  78. 
Muntz  metal,  305. 
Muria,  140. 

Muriate  of  ammonia,  151. 
Muriatic  acid,  92,  140. 
Muscovado  sugar,  424. 
Mutton  fat,  420. 

Naphtha,  208. 
Naphthalene,  432. 
Nascent  state,  138. 
Natrium,  284. 
Natron,  284. 
Natural  gas,  209. 
Natural  groups,  400. 

Waters,  38. 
Nature  of  solution,  48. 
Negative  electrode,  121. 

Photographic,  313, 


Neon,  69,  404. 
Neutral,  94. 

Reaction,  94. 
Neutralization,  88,  89,  97. 

And  ionic  theory,  130. 

Heat  of,  130. 
Newton's  metal,  275. 
Niagara  Falls,  industries  at,  1 1 6,  117, 

118,  155,  291,344. 
Nicholson  and  Carlisle,  53,  119. 
Nickel,  388. 

Alloys,  306. 

Carbonyl,  198. 

Coin,  306,  389. 

Hydroxide,  389. 

Ores,  388. 

Plating,  389. 

Properties,  389. 

Steel,  383,  389. 

Test,  389. 

Uses,  389. 
Nickeloid,  389. 
Nicotine,  433. 
Niter,  72. 

Meal,  295. 

Source,  295. 
Nitrates,  158. 

Behavior  with  heat,  159. 

Deposits,  155. 

Test,  159. 
Nitric  acid,  154,  155,  156. 

Action  with  metals,  158. 

And  copper,  159,  162. 

And  electric  sparks,  155. 

Composition,  157. 

Formation,  155. 

Fuming,  163. 

Preparation,  155. 

Test,  159. 

Uses,  157. 
Nitric  oxide,  159,  162. 

Composition,  162. 
Nitrides,  72. 

Magnesium,  153. 
Nitrification,  155. 
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Nitrites,  159. 
Nitrogen,  72. 

Discovery,  63. 

Effect  on  flame,  220. 

In  atmosphere,  63. 

Name,  72. 

Oxides,  78,  1 60. 

Pentoxide,  163. 

Peroxide,  159,  162,  163. 

Preparation,  72. 

Properties,  63,  72. 

Proportion  in  air,  64. 

Relation  to  life,  72. 

Tetroxide,  163. 

Trioxide,  163. 

Valence,  177,  178. 
Nitrous  acid,  159. 
Nitrous  oxide,  160,  161. 

Composition,  161. 

Discovery,  161. 
Nitrobenzene,  430. 
Nitroglycerine,  422. 
Nitrosyl-sulphuric  acid,  248. 
Nomenclature,  acids,  91. 

Bases,  93. 

Hydroxides,  93. 

Salts,  95. 

Non-luminous  flame,  219,  220. 
Non-metallic  ions,  121. 
Non-metals,  88. 

Classification,  396. 

General  properties,  278. 
Nordhausen  sulphuric  acid,  252. 
Normal  bismuth  nitrate,  276. 
Normal  salts,  96. 
Nugget,  gold,  314. 

Occlusion,  26. 
Ocean  water,  38. 

Salts  in,  38. 
Oil,  and  water,  43. 

Lamp  flame,  218. 

Lubricating,  209. 

Of  bitter  almonds,  431,  432. 

Of  vitriol,  92,  246. 


Oils,  420. 

Olefiant  gas,  204. 

Olein,  420. 

Oleomargarine,  421. 

Olive  oil,  420,  421. 

Onyx,  255. 

Opal,  256. 

Opaque,  279. 

Open  hearth  process  for  steel,  382. 

Opium,  433. 

Orange  mineral,  361. 

Ore,  defined,  280. 

Calcination,  281. 

Classes,  280. 

Dressing,  281. 
Organic  acids,  92,  414. 

Chemistry,  405. 

Compounds,  405,  406,  408. 
Orpiment,  272,  273. 
Orthophosphoric  acid,  268. 
Orthorhombic  crystals,  441. 

Sulphur,  239. 
Osmium,  392,  394. 
Ostwald,  445. 
Oxalic  acid,  417. 
Oxidation,  14,  192,  357. 

And  decay,  1 7. 

By  potassium  permanganate,  371. 

Of  food,  1 6. 
Oxide,  carbonic,  197. 
Oxides,  15. 

Acidic,  97. 

Basic,  97. 

Of  nitrogen,  160,  246-248. 

Relation  to  acids  and  bases,  96. 
Oxidized  silver,  311. 
Oxidizing  agent,  14,  60. 

In  matches,  270. 
Oxidizing  flame,  221,  222. 
Oxychloride,  antimony,  275. 

Bismuth,  276. 
Oxygen,  n. 

Absorption  by  silver,  311. 

And  blood,  16,  17. 

And  combustion,  15. 
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Oxygen,  continued. 

And  flames,  2 1 8. 

And  ozone,  22. 

And  water,  51. 

Breathing  pure,  17. 

Erin's  process,  12. 

Discovery,  1 8. 

In  acids,  87,  88,  91, "97. 

In  atmosphere,  63. 

Liquid,  1 8. 

Name,  18,  88. 

Nascent,  138. 

Preparation,  n,  293. 

Properties,  12. 

Relation  to  life,  16. 

Solid,  1 8. 

Uses,  17. 

Weight  of  liter,  18. 
Oxyhydrogen  blowpipe,  17,  28,  29. 
Oxymuriate,  tin,  357. 
Ozone,  21,  113. 

In  atmosphere,  62. 

Formula,  169. 

Paint,  black,  190. 

Blue,  417. 

Lead,  357. 

Luminous,  329. 

Red,  273,  340,  361,  384. 

White,  336,  362. 

Yellow,  273,  367. 
Pakfong,  306. 
Paktong,  306. 
Palladium,  392,  394. 

Absorption  by,  26,  394. 
Palmitic  acid,  417. 
Palmitin,  420. 
Palm  oil,  417. 
Paper,  making,  429. 

Parchment,  428. 
Paracelsus,  30. 
PararBn,  series,  203. 

Wax,  209. 
Paregoric,  433. 
Paris  green,  273,  417. 


Parkes  process  for  silver,  309. 
Parting,  gold  and  silver,  315. 
Passive  iron,  384. 
Paste,  gems,  262. 

Glass,  260. 

Starch,  427. 
Pastry,  raising,  290. 
Pearlash,  297. 
Peat,  185. 
Pentads,  176. 

Percentage  composition,  103. 
Periodic  classification,  398. 

Gaps,  401. 
Periodic  law,  398. 
Periodic  process  for  bromine,  229. 
Periodic  table  of  elements,  399. 
Periods  in  periodic  classification,  398. 
Permanent  hardness,  327. 
Peroxide,  hydrogen,  59. 

Sodium,  293. 
Petit,  172,445. 

Petrified  wood,  256,  257,  258. 
Petroleum,  207-209. 

Origin,  209. 

Production,  209. 

Refining,  208. 
Pewter,  356,  360. 
Phenol,  431. 

Derivatives,  431. 
Phenyl,  406. 

Methane,  406. 
Philosopher's  stone,  314. 
Phlogiston,  15,  18. 
Phosgene,  198. 
Phosphates,  265,  269. 

Acid,  269. 

Dicalcium,  271. 

Disodium,  269. 

Monocalcium,  271. 

Primary,  269. 

Rock,  271. 

Secondary,  269. 

Slag,  271. 

Tricalcium,  271. 
Phosphine,  269. 


580 


Index. 


Phosphonium  compounds,  269. 
Phosphor  bronze,  305. 
Phosphoric  acids,  268. 

Oxide,  268. 
Phosphorite,  265. 
Phosphorous  oxide,  268. 
Phosphorus,  265. 

Acids,  268. 

Action  on  air,  65,  72. 

And  ozone,  21. 

And  plants,  270. 

Black,  267. 

Discovery,  265. 

Electrolytic  manufacture,  266.. 

In  plants  and  animals,  265. 

Manufacture,  265,  266. 

Minor  compounds,  269. 

Name,  267. 

Ordinary,  266. 

Oxides,  268. 

Pentachloride,  270. 

Pentoxide,  65,  268. 

Properties,  266. 

Purification,  266. 

Red,  267. 

Relation  to  life,  270. 

Salts,  268. 

Trichloride,  270. 

Uses,  267. 

Vapor  density,  169,  267. 

Yellow,  266. 
Photography,  ill,  312. 
Photometer,  2 1 6. 
Phylloxera,  240. 
Physical  changes,  I,  2. 
Pickles,  90,  416. 
Picrates,  431. 
Picric  acid,  431. 
Picromerite,  294. 
Pig  iron,  377. 
Pinchbeck,  305. 
Placer  mining,  314. 
Plants  and  atmosphere,  194. 

And  nitrogen,  72,  73. 

And  phosphorus,  270. 


Plants  and  atmosphere,  continued. 

And  potassium,  298. 

And  silica,  257. 
Plaster,  326. 

Of  Paris,  327. 
Plata,  392. 
Plate,  developing,  313. 

Photographic,  312. 
Platina,  392. 
Platinic  chloride,  394. 
Platinum,  392. 

Absorption  of  gases,  394. 

Alloys,  394. 

And  aqua  regia,  392. 

And  iridium,  226,  392. 

And  sulphur  dioxide,  245. 

And  sulphuric  acid,  249. 

Arsenide,  392. 

Black,  394. 

Compounds,  394. 

Discovery,  392. 

Dish,  393. 

Foil,  393. 

In  electric  light  bulbs,  393. 

Metals,  394,  401. 

Name,  392. 

Native,  392. 

Ore,  392. 

Preparation,  392. 

Print,  394. 

Production,  392. 

Properties,  393. 

Sheet,  393. 

Source,  392. 

Spongy,  392,  393. 

Uses,  393. 
Plumbago,  183. 
Plumbum,  357. 

Nigrum,  357. 
Polyhalite,  294. 
Polymerism,  206. 
Polymers,  206. 
Porcelain,  352. 
Portland  cement,  325. 
Positive  electrode,  121. 
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Potash,  297. 

Name,  294. 

Red  prussiate,  387. 

Yellow  prussiate,  387. 
Potassium,  293. 

Alum,  349. 

Antimonyl  tartrate,  274. 

Bichromate,  366. 

Bromide,  230. 

Carbonate,  297. 

Chlorate,  II,  12,  296,  297. 

Chloride,  295. 

Chloroplatinate,  394. 

Chromate,  366. 

Chromium  sulphate,  368. 

Cyanide,  198,  298,  315. 

Dichromate,  366. 

Discovery,  284. 

Ferricyanide,  387. 

Ferrocyanide,  198,  387. 

Hydroxide,  297,  298. 

Hypochlorite,  139. 

Iodide,  232,  233. 

Manganate,  371. 

Name,  294. 

Nitrate,  155,  295. 

Nitrite,  295. 

Permanganate,  370. 

Preparation,  294. 

Preservation,  294. 

Properties,  294. 

Relation  to  life,  298. 

Salts  and  starch,  298. 

Salts  at  Stassfurt,  293. 

Silicate,  258. 

Sulphate,  298. 

Sulphocyanate,  198. 

Tartrate,  418. 

Test,  294. 
Pottery,  352. 
Powder,  gun,  296. 

Smokeless,  428. 
Precipitate,  45. 
Precipitation,  44. 
Prefix,  centi-,  437. 


Prefix,  continued. 

Deca-,  437. 

Deci-,  437. 

Hecto-,  437. 

Hydro-,  91*,  95. 

Hypo-,  91. 

Kilo-,  437. 

Milli-,  437. 

Per-,  91,  95. 
Press  cake,  296. 
Pressure,  normal,  18,  19. 
Priestley,  n,  16,  18,  55,  64,  140,  158, 

161,  445. 

Primary  phosphates,  269. 
Print,  photographic,  313. 
Problems,  21,  30,  49,  59,  86,  108,  132, 
146,   165,   1 80,   20 1,   224,  234, 
254,   264,  277,  283,   300,  318, 

33°.  342,  353»  364,  372»  39*» 
395,  436,  439,  440. 

Based  on  equations,  107. 
Producer  gas,  25. 
Products,  83. 

Addition,  204. 

Substitution,  203. 
Proof  spirit,  410. 
Propane,  203,  409. 
Properties  of  matter,  I,  2. 
Propyl,  409. 
Propylene,  202,  204. 
Proust,  77,  445. 
Prout,  398,  446. 
Prussian  blue,  388. 
Prussiate  of  potash,  red,  387. 

Yellow,  198,  387. 
Prussic  acid,  198. 
Puddling,  379. 
Pulp,  paper,  429. 
Purification,  water,  39. 
Purifiers,  gas,  212. 
Purple  of  Cassius,  317. 
Putty,  323. 
Pyrite,  386. 
Pyrogallic  acid,  431. 
Pyroligneous  acid,  415. 
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Pyrolusite,  369. 
Pyromorphite,  357. 
Pyrophosphates,  269. 
Pyrophosphoric  acid,  269. 
Pyrosulphuric  acid,  252*. 
Pyrrhotite,  373. 

Quadrivalent  elements,  176. 
Qualitative  analysis,  50,  242. 
Quantitative  analysis,  50. 
Quantitative  significance  of  equations, 

104. 

Quantivalence,  176. 
Quartation,  315. 
Quartz,  255,  256. 
Quartzite,  256. 
Quicklime,  324. 
Quicksilver,  338. 
Quinine,  433. 
Quinquivalent  elements,  176. 

Radical,  89,  150,  198. 

Organic,  406. 

Valence,  177. 
Rain  water,  37. 
Ramsay,  68,  69,  446. 
Rational  formula,  407. 
Rayleigh  and  Ramsay,  68. 
Reaction,  3. 

Acid,  90. 

Alkaline,  92. 

Chemical,  83. 

Illustrating  equation,  106. 

Neutral,  94. 
Realgar,  272,  273. 
Red  fire,  329. 

Hematite,  374. 

Paint,  340,  361,  384. 

Lead,  360. 

Liquor,  350,  417. 
Reduction,  15,  28,  55,  357. 

Process  for  lead,  358. 
Reducing  agent,  28. 

Flame,  222. 
Reference  books,  450. 


Refining  petroleum,  208. 
Relative  humidity,  66. 
Respiration,  16,  191. 
Retorts,  coal,  210. 
Reverberatory  furnace,  281,  282. 
Reversion,  271. 
Rhigolene,  208. 
Rhodium,  392. 
Rhodocroisite,  369. 
Rinmann's  green,  390. 
River  water,  38. 
Rochelle  powder,  290. 
Rock,  crystal,  255. 

Phosphate,  271. 
Rocks,  258. 

Decayed,  265. 

Phosphorus  from,  265. 

Silicates,  255. 
Roll  sulphur,  238. 
Rosaniline,  431. 
Rosendale  cement,  325. 
Rose's  metal,  275. 
Rouge,  384. 
Royal  water,  160. 
Rubidium,  284,  299,  413. 
Ruby,  347. 

Ore,  301. 
Rum,  411. 

Run,  water  gas,  213. 
Rusting  of  iron,  383. 
Rutherford,  63,  64,  446 
Ruthenium,  392. 

Saccharose,  423. 
Safety  lamp,  221. 
Sal  ammoniac,  151. 
Saleratus,  290. 
Salicylic  acid,  431. 
Sal  soda,  289. 
Salt,  94. 

Acid,  96. 

As  glaze,  352. 

Basic,  96. 

Cake,  288. 

Common,  286. 
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Salt,  continued. 

From  White  Sea,  287. 

Glauber's,  292. 

Microcosmic,  269. 

Preparation  of  common,  287. 

Springs,  228. 
Saltpeter,  Chili,  231,  292. 

Source,  295. 
Salts,  94. 

Action  on  litmus,  94. 

Ammonium,  150. 

And  ionization,  129. 

Epsom,  333. 

Ethereal,  419. 

Formation,  94. 

General  properties,  88. 

Haloid,  225. 

In  ocean,  38,  287. 

Nomenclature,  95. 

Normal,  96. 

Organic,  419. 

Smelling,  152. 
Sand,  255,  256. 

And  hydrofluoric  acid,  228. 

Blast,  257. 
Sandstone,  256. 
Saponification,  422. 
Sapphire,  347. 
Satin  spar,  326. 
Saturated  compounds,  177. 

Hydrocarbons,  203. 

Point  of  air,  66. 

Solution,  44. 
Scandium,  401. 
Scheele,  16,  18,  64,  133, 

446. 

Scheele's  green,  273. 
Scrubber,  212. 
Seal,  210. 
Sea  water,  salts  in,  287. 

Silver  in,  308. 

Secondary  phosphates,  269. 
Seidlitz  powders,  290,  418. 
Selenite,  326. 
Selenium,  252. 


265, 


Series,  homologous,  202. 

Paraffin,  203. 
Serpentine,  331. 
Shell,  in  limestone,  322. 

Rock,  322. 
Shot,  360. 

Sicily,  sulphur  from,  236. 
Siderite,  373,  387. 

Siemens-Martin  process  for  steel,  382. 
Silica,  255. 

And  plants,  257. 

Deposition,  258. 

From  springs,  258. 

Hydrated,  256. 

Soluble,  258. 
Silicates,  257,  258. 
Siliceous  sinter,  258. 
Silicic  acid,  257. 
Silicides,  258. 

Carbon,  117. 
Silicified  wood,  256,  257. 
Silicon,  255. 

Bronze,  305. 

Carbide,  117. 

Tetrafluoride,  228,  257. 
Silicon  dioxide,  255. 

Properties,  256. 

Varieties,  255. 
Silver,  308. 

Acetate,  molecular  weight,  170. 

Alloys,  308,  311. 

Amalgam,  309. 

Amalgamation  process,  309. 

Bearing  lead,  308. 

Brick,  310. 

Bromide,  312. 

Chloride,  308,  309,  312. 

Coins,  311. 

Compounds,  312. 

Compounds  and  light,  312,  313. 

Determination  of  atomic  weight, 
171. 

Distribution,  309. 

German,  306. 

Glance,  308. 
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Silver,  continued. 

Halogens,  solubility,  252. 

History,  308. 

Horn,  133,  308. 

In  sea  water,  308. 

Iodide,  312. 

Metallurgy,  309,  310. 

Name,  308. 

Nitrate,  312. 

Ores,  308. 

Oxidized,  311. 

Plating,  311,  312. 

Production,  308. 

Properties,  310. 

Pure,  310. 

Separation  from  gold,  315. 

Specific  heat,  173. 

Sterling,  311. 

Sulphides,  308,  311. 

Tarnishing,  311. 

Test,  312. 

Water,  338. 

World's  supply,  308. 
Silverware,  blackening,  242,  311. 
Simplest  formula,  104,  175. 
Sinter,  siliceous,  258. 
Sirius,  23, 
Sirup,  table,  426. 
Slag,  281,  324,  375. 

Phosphate,  271. 
Slaked  lime,  324. 
Slate,  343. 
Smalt,  390. 
Smelling  salts,  152. 
Smelting,  281.     See  Metallurgy. 
Smithsonite,  334. 
Smokeless  gunpowder,  428. 
Snow  crystals,  35. 
Soap,  420,  422. 

And  hard  water,  327. 

Boiling  process,  423. 

Cold  process,  423. 

Hard,  422. 

Soft,  422. 

White,  422. 


Soap,  continued. 

Yellow,  423. 
Soapstone,  331. 
Soda,  289,  290. 

Ash,  289. 

Baking,  290. 

Cooking,  290. 

Crystals,  289. 

Washing,  289. 

Water,  42,  90,  193. 
Sodium,  284. 

Acetate,  417. 

Alum,  349. 

Aluminate,  348,  349. 

Amalgam,  292,  339. 

And  water,  24,  51. 

Arsenate,  273. 

Arsenite,  273. 

Bicarbonate,  195,  289. 

Carbonate,  284,  288,  289. 

Chloride,  286,  287. 

Cyanide,  286,  293. 

Dioxide,  293. 

Discovery,  284. 

Hydroxide,  290,  291,  292. 

Hypochlorite,  139. 

Hyposulphite,  138,  252. 

lodate,  230. 

Iodide,  319. 

Lactate,  418. 

Manganate,  372. 

Manufacture,  284,  285. 

Monoxide,  293. 

Name,  284. 

Nitrate,  292,  293. 

Oxides,  286. 

Peroxide,  286,  293. 

Preservation,  286. 

Properties,  285. 

Silicate,  258. 

Stannate,  357. 

Sulphate,  292. 

Sulphide,  288. 

Sulphite,  243. 

Test,  141,  286. 
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Sodium,  continued. 

Thiosulphate,  252. 

Tungstate,  369. 

Uses,  286. 
Soft  coal,  185,  189. 

Water,  37,  327. 
Solder,  356,  360. 
Soldering,  263. 
Solid  carbon  dioxide,  193. 
Solids,  solution,  43. 

Table,  44. 
Soluble  glass,  257, 

Silica,  258. 

Sulphate,  test,  251. 
Solute,  41. 
Solution,  41,  126. 

And  chemical  action,  47. 

And  electrolysis,  126. 

Boiling  point,  127. 

Freezing  point,  127,  128. 

Gases,  41. 

Labarraque's,  139. 

Liquids,  43. 

Nature,  48. 

Saturated,  44. 

Solids,  43. 

Supersaturated,  45. 

Terms,  41. 

Thermal  phenomena,  47. 
Solvay  process  for  sodium  carbonate, 

289. 
Solvent,  41. 

Universal,  43. 
Souring,  138. 

Sour  milk  in  cooking,  418. 
Specific  gravity  of  metals,  279. 
Specific  heat,  172. 

Law,  172. 

Table,  173. 
Spectra,  402. 

Nebulae,  404. 

Stars,  404. 
Spectroscope,  23,  402. 

Discovery  by,  284,  404. 
Spectrum,  401. 


Spectrum,  continued. 

Absorptive,  403. 

Analysis,  401,  403. 

Banded,  402. 

Bright  line,  402. 

Dark  line,  402. 

Sunlight,  403. 
Speculum  metal,  306. 
Spelter,  335. 
Sperrylite,  392. 
Sphalerite,  334. 
Spiegel  iron,  369,  378. 
Spinel,  ruby,  347. 
Spinels,  347. 
Spirit  of  salt,  140. 
Spirits,  hartshorn,  147. 
Spongy  platinum,  392,  393. 
Springs,  mineral,  37,  42. 
Stable  refuse,  271. 
Stack,  210: 
Stahl,  1 6,  446. 
Stalactite,  321. 
Stalagmite,  321. 
Stamp,  mill,  280. 
Standard  conditions,  19. 

Wax  candle,  216. 
Stannic  chloride,  357. 

Oxide,  356. 

Stannous  chloride,  356. 
Stannum,  354. 
Starch,  426,  427. 

And  potassium  salts,  298. 

Test,  232,  427. 
Stas,  171,  398,  446. 
Stassfurt  deposits,  133,  228,  261,  293, 

331- 

Steam,  36. 
Stearic  acid,  417. 
Stearin,  420. 

Candles,  422. 
Steel,  and  coke,  190. 

Bessemer,  381. 

Chrome,  366. 

Crucible,  381. 

Harveyized,  380. 
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Steel,  and  coke,  continued. 

Manufacture,  380. 

Nickel,  389. 

Open  hearth,  383. 

Properties,  380. 

Tempering,  380. 

Uses,  383. 
Sterling  silver,  311. 
Stibine,  274. 
Stibium,  274. 
Stibnite,  274. 
Still,  40,  379. 
Stone,  artificial,  258. 

Ice,  350. 
Stoneware,  352. 
Stove  polish,  183. 
Strass,  260. 
Stream  tin,  356. 

Striking  back,  Bunsen  flame,  220. 
Strontia,  328. 
Strontium,  328. 

Carbonate,  328. 

Hydroxide,  328. 

Nitrate,  328. 

Oxide,  328. 

Sulphate,  328. 

Sulphide,  329. 

Test,  329. 

Structural  formulas,  178. 
Stucco,  327. 
Sublimate,  151. 

Corrosive,  340. 
Sublimation,  151,  440. 
Subnitrate  of  bismuth,  276. 
Substitution,  3,  203. 

Products,  203. 
Sucrose,  423. 
Suffix,  -ate,  95. 

-ic,  91,  144. 

-ide,  95. 

-ite,  95. 

-ous,  91,  144. 
Sugar,  423. 

Barley,  424. 

Beet,  424. 


Sugar,  continued. 

Brown,  424. 

Cane,  423,  424. 

Fermentation,  410. 

Fruit,  425. 

Granulated,  425. 

Grape,  425,  426. 

Kinds,  423. 

Of  lead,  363. 

Of  milk,  425. 

Raw,  424. 

Refining,  425. 

Term,  423. 

Test,  426. 

White,  424. 
Suint,  293. 

Potassium  carbonate  from,  297. 
Sulphates,  235,  251. 

Acid,  251. 

Important,  251. 

Normal,  251. 

Test,  141,  251. 
Sulphides,  238,  241. 

Color,  242. 

Native,  235. 

Solubility,  242. 
Sulphites,  245. 

Acid  calcium,  245. 

Acid  sodium,  245. 

Sodium,  243. 

Sulphur  dioxide  from,  243. 
Sulphur,  235. 

Action  with  heat,  238. 

Allotropic  modifications,  239. 

Amorphous,  239,  240. 

And  metals,  238. 

And  silver,  311. 

Burning,  245. 

Compounds,  240. 

Crystallized,  239. 

Dioxide,  242,  244,  245. 

Extraction,  236. 

Flowers,  238. 

Formation,  235. 

Forms,  239. 
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Sulphur,  continued. 

Free,  235. 

In  human  body,  236. 

In  United  States,  236. 

In  volcanic  districts,  235. 

Kiln,  236. 

Milk  of,  240. 

Monoclinic,  239. 

Native,  235. 

Orthorhombic,  239. 

Properties,  238. 

Purification,  237. 

Roll,  238. 

Source,  236. 

Springs,  37,  235. 

Trioxide,  245,  246. 

Use,  240,  252. 

Vapor  density,  238. 

Water,  37. 

Sulphuretted  hydrogen,  240. 
Sulphuric  acid,  246. 

And  organic  matter,  250. 

And  water,  250. 

Chemical  changes  in  making,  248. 

Concentration,  249. 

From  pyrites,  386. 

Fuming,  251. 

Impurities,  363. 

Manufacture,  246,  248,  249. 

Nordhausen,  252. 

Plant,  247-248. 

Properties,  250. 

Reduction,  250. 

Test,  251. 

Uses,  251. 

Sulphuric  ether,  414. 
Sulphurous  acid,  244,  245. 

Anhydride,  245. 
Sulphocyanic  acid,  198. 
Sun,  elements  in,  23,  404. 
Sunlight  and  carbon  dioxide,  194. 

Chemical  action,  in. 

Nitric  acid,  156. 
Superheater,  213. 
Superphosphate  of  lime,  271. 


Supersaturated  solution,  45. 
Supporter  of  combustion,  15. 
Sylvite,  294. 
Symbols,  81. 

And  atomic  weights,  103. 

Chemical,  8. 

Latin,  8. 

Table,  448,  449. 
Synthesis,  3,  50. 

Table  salt,  287. 

Tables,  atomic  weights,  448,  449. 

Borax  bead  colors,  262. 

Composition  of  coal,  186. 

Composition  of  natural  waters,  38. 

Equivalents,  100. 

Famous  chemists,  447. 

Important  elements,  6. 

lonization,  127. 

Latin  symbols,  8. 

Metric  equivalents,  438. 

Metric  system,  437. 

Metric  transformations,  438. 

Multiple  proportions,  78,  79. 

Periodic,  399. 

Solubility  of  carbon  dioxide,  42. 

Solubility  of  solids,  44. 

Specific  heats,  173. 

Uncommon  elements,  7. 

Water  in  food,  32. 
Talc,  331. 
Tallow,  421. 
Tannic  acid,  432. 
Tannin,  432. 
Tanning,  433. 
Tar,  213. 

Extractor,  212. 

Well,  210. 
Tartar,  crude,  418. 

Emetic,  274,  419. 
Tartaric  acid,  418. 
Tea,  433. 
Tellurides,  314. 
Tellurium,  252. 

Compounds,  314. 
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Temperature  and  luminosity,  218. 

Kindling,  113,  218. 

Low,  204. 

Standard,  19. 
Tempering,  380. 
Temporary  hardness,  327. 
Tension  of  water  vapor,  36. 
Terms,  electrochemical,  120. 
Terra  cotta,  352. 
Tests,  acetic  acid,  419. 

Alcohol,  419. 

Aluminium,  347- 

Antimony,  275. 

Arsenic,  273. 

Barium,  329. 

Bismuth,  276. 

Borax  bead,  262. 

Boron,  261. 

Cadmium,  337. 

Calcium,  328. 

Carbon,  189. 

Carbon  dioxide,  192,  325. 

Chloride,  144. 

Chromium,  367,  368. 

Cobalt,  390. 

Copper,  304. 

Gold,  317. 

Hydrochloric  acid,  144. 

Hydrogen  sulphide,  242. 

Ions,  129. 

Iron,  388. 

Lead,  363. 

Lithium,  298. 

Manganese,  372. 

Marsh's,  for  arsenic,  273. 

Nickel,  389. 

Nitrates,  159. 

Nitric  acid,  159. 

Potassium,  294. 

Silver,  312. 

Sodium,  286. 

Starch,  427. 

Strontium,  329. 

Sugar,  426. 

Sulphate,  insoluble,  251. 


Tests,  continued. 

Sulphate,  soluble,  251. 

Sulphuric  acid,  251. 

Zinc,  337. 
Tetrads,  176. 
Tetragonal  crystals,  441. 
Theine,  433. 
Theory,  75. 

Atomic,  79. 

Electrolysis,  125. 

Electrolytic  dissociation,  125,  126. 
Thermal  equation,  112. 
Thermometers,  439. 
Thiosulphate,  sodium,  252. 
Thomas-Gilchrist    process    for    steel, 

382. 

Tiles,  352. 
Tin,  354. 

Alloys,  356. 

Amalgam,  339,  356. 

Block,  355. 

Crystals,  356. 

Dioxide,  354,  356. 

Foil,  356. 

History,  354. 

Interaction  with  metals,  355. 

Metallurgy,  354. 

Ore,  354. 

Oxymuriate,  357. 

Plate,  355. 

Production,  354,  356. 

Properties,  355. 

Purification,  355. 

Stone,  354. 

Stream,  356. 

Uses,  355. 
Tinkel,  261. 
Tinware,  355. 
Tobacco,  433. 
Toluene,  202,  430. 
Toluidine,  431. 
Toning,  in  photography,  313. 
Topaz,  347. 
Travertine,  322. 
Triacid  base,  94. 
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Triads,  176. 
Tribasic  acid,  92. 
Triclinic  crystals,  442. 
Trivalent  elements,  176. 
Tungsten,  369. 
Turnbull's  blue,  388. 
Turquoise,  347. 
Tuscany,  boric  acid  from,  261. 
Tuyeres,  376. 
Type  metal,  360. 
Water,  89. 

Univalent  elements,  176. 
Unsaturated  compounds,  177. 

Hydrocarbons,  204,  206. 
Uranium,  369. 

Salts,  369. 

Specific  heat,  173. 
Urea,  405. 

Valence,  176. 

Classification  by,  397. 

Representation,  407. 
Valentine,  Basil,  246. 
Van  Helmont,  196,  446. 
Van't  Hoff,  446. 
Vapor  density,  169. 

And  molecular  weight,  1 68. 

Iodine,  232. 

Mercury,  339. 

Sulphur,  238. 

Zinc,  336. 
Vapor  tension,  36. 
Varec,  231. 
Vaseline,  209. 

Vegetable  matter  and  coal,  184-185. 
Vein  mining,  315. 
Venetian  red,  384. 
Verdigris,  417. 
Vermilion,  340. 
Vinegar,  90. 

Preparation,  415. 

Quick  process,  416. 

Wood,  415. 
Vital  force,  405. 


Vitriol,  blue,  307. 

Green,  385. 

Oil  of,  92,  246. 

White,  337. 

Volatile  alkali,  93,  149. 
Volta,  119. 
Voltaic  cell,  119. 
Volume  equation,  175. 
Volumetric,  53. 

Composition  of  air,  64. 

Composition  of  water,  53,  55,  57. 

Washing  soda,  289. 

Washington  monument,  cap,  345. 

Water,  31. 

Analysis,  39. 

And  chlorine,  51. 

And  hydrogen,  50. 

And  oxygen,  51. 

And  sodium,  24,  51. 

As  solvent,  32,  33. 

Baryta,  329. 

Boiling  point,  36,  439. 

Chalybeate,  37,  387. 

Chlorine,  135. 

Composition,  25,  27. 

Density,  34. 

Distilled,  40. 

Drinking,  39. 

Electrolysis,  52,  123. 

Expansion,  34. 

Freezing,  34,  439. 

From  burning  hydrogen,  27. 

Function  in  nature,  32. 

Gas,  25,  196,  213,  214,  215. 

Glass,  258. 

Gravimetric  composition,  55,  57. 

Hard,  37,  327. 

Hardness,  327. 

Hydrogen  sulphide,  241. 

Industrial  application,  33. 

In  food,  31,  32. 

In  human  body,  32. 

In  liquid  state,  31. 

In  vegetables,  31,  32. 
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Water,  continued. 

Javelins,  139. 

Lithia,  298. 

Mineral,  37. 

Natural,  37. 

Occurrence  in  nature,  31. 

Ocean,  38. 

Of  crystallization,  45,  46. 

Physical  properties  of  pure,  33. 

Purification,  39,  371. 

.Quantitative  composition,  53. 

Rain,  37. 

River,  38. 

Silver,  338. 

Soda,  42. 

Soft,  37,  327. 

Type,  89. 

Underground,  37. 

Volumetric  composition,  53,  55,  57. 
Water  vapor,  31,  36. 

Condensed,  31,  36. 

In  atmosphere,  62,  66. 
Watt,  55. 

Wax,  paraffin,  209. 
Welding  iron,  379. 
Weldon,  mud,  370. 

Process,  134,  370. 
Welsbach  light,  222. 
WTet  process,  47,  282. 
Whetstone,  256. 
Whisky,  411. 
White  arsenic,  272. 

Cast  iron,  378. 

Lead,  361. 

Magnesia,  370. 

Metal,  306. 

Paint,  242,  336,  362. 

Vitriol,  337. 
Whitewash,  326. 
Whiting,  323. 
Willemite,  334, 
Willson,  1 1 6. 
Winds,  62. 
Wine,  ill,  297. 
Witherite,  329. 


Wohler,  343,  405,  446. 
Wood  alcohol,  409. 

Ashes,  297. 

Charcoal,  187. 

Petrified,  256,  257,  258. 

Preserving,  337. 

Silicified,  256,  257. 

Spirit,  409. 

Vinegar,  415. 
Wood's  metal,  275,  337. 
Worm,  condenser,  40. 
Wrought  iron,  378. 

Xenon,  69,  404. 

Yeast,  410. 

In  bread-making,  427. 
Yellow  paint,  367. 

Zinc,  334. 

Alloys,  306,  336. 
Blende,  334. 
Carbonate,  334. 
Chloride,  122,  337. 


Deposits,  334. 

Determination  of  atomic  weight, 
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Dust,  335,  336. 

Hydroxide,  337. 

Metallurgy,  334. 

Ores,  334. 

Oxide,  334,  335»  336,  362. 

Production,  334. 

Properties,  335. 

Silicate,  334. 

Smelting,  334. 

Sulphate,  336. 

Sulphide,  334,  336. 

Test,  337. 

Uses,  336. 

Vapor  density,  336. 

White,  336. 
Zincates,  335,  337. 
Zincite,  334. 
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German. 

Lehrbuch  der  Deutschen  Sprache. 

A   Practical   Course   in    German    for    Beginners.     By   ARNOLD 
WERNER-SPANHOOFD.     Crown  8vo,  2s.  6d. 

"  I  like  Spanhoofd  more  and  more,  and  have  introduced  it  in  every  one 
of  my  classes  this  year  where  such  a  book  could  be  used.  .  .  .  The  pupils 
learn  their  grammar  unconsciously."— GUSTAV  HEIN,  Girls'  H%h  School, 
Aberdeen,  Lecturer  in  German  at  Aberdeen  University,  &c. 

"I  like  Spanhoofd's  'Lehrbuch'  so  much  that  I  have  started  it 
with  another  class  of  elementary  students." — B.  PROPER,  Owen's  School, 
Islington,  Municipal  Technical  Institute,  West  Ham,  &c. 

"  I  am  especially  s'ruck  with  the  excellence  of  your  '  Lehrbuch.'  I  have 
studied  it  very  carefully,  and  have  put  aside  the  idea  (which  I  once  had)  of 
providing  such  a  book  myself — so  exactly  does  >ours  represent  my  ideal  of 
what  such  a  book  should  be."— ALCX.  K.  DALLAS,  M.  A,  George  Watson's 
College,  Edinburgh. 

"  1  have  been  using  it  with  a  beginners'  class  for  the  last  four  months, 
and  my  assistant  has  begun  another  class  with  it ;  we  both  agree  that  it  is 
the  most  delightful  and  at  the  same  time  the  soundest  introduction  to 
German  we  have  ever  used  ;  in  fact,  I  have  no  hesitation  in  saying  it  is 
absolutely  the  best  book  in  the  market  at  the  present  time.  In  no  other 
book  is  the  new  method  so  ably  blended  with  a  sound  drill  in  grammar." — 
J.  E.  MANSION,  B.A.,  Royal  Academical  Institution,  Belfast. 

"  By  far  the  best  attempt  I  have  seen  to  apply  the  so-called  'Reform 
Method'  to  a  German  Grammar  for  English  students." — J.  L.  THEODORE- 
GETZ,  B-t's-L.,  Intermediate  and  University  College,  Waterford. 

"  I  find  it  quite  the  best  German  book  for  beginners  I  have  seen.  It  is 
a  very  pleasant  book  to  teach  Irom,  and  leads  the  pupils  easily  on  from 
point  to  point  on  modern  methods." — Miss  A.  L.  BRYSON,  Burgh 
Academy,  Dumbarton. 

Short  German  Grammar. 

By  E.  S.  SHELDON.     Crown  8vo,  is.  6d. 

Selections  for  German  Composition. 

With  Notes  and  Vocabulary.     By  Prof.  C.  HARRIS.     Cr.  Svo,  2s. 

Geschichten  und  Marchen  fur  Anfanger. 

Compiled  and  Edited  by  LILLIAN  FOSTER.   Small  Crown  Svo,  is. 

Erstes  Deutsches  Schulbuch  fur  Primar- 
klassen. 

By  ROBERT  Nix.    Illustrated.    Crown  8vo,  is.  6d, 


German.  31 

Marchen  und  Erzahlungen  fur  Anfanger. 

Two  Volumes.  Edited  by  IF.  A.  GUEKUER.  Vol.  I.  with 
Vocabulary  and  Questions  in  German  on  the  Text ;  Vol.  II.  with 
Vocabulary.  Crown  8vo,  2s.  each. 

In  Volume  I.  the  German  texts  are  retold  in  the  very  simplest  German  ; 
words  and  idioms  being  skiUiriy  selected  and  constantly  repeated.  1  he 
second  volume  consists  of  stories  retold  in  language  suited  to  first-year 
pupils,  and  will  carry  the  latter  from  the  stage  of  the  previous  book  up  to 
German  as  written  for  Germans. 

"What  I  have  long  been  lo<  king  for.  The  clever  way  in  which  the 
author  manages  to  tell  a  Mory  with  the  very  fewest  grammatical  difficulties, 
and  repeats  and  repeats  (ill  the  words  are  bound  to  impress  themselves,  and 
all  this  while  keeping  up  the  fun  and  interest  of  the  tale,  is  both  amusing 
and  surprising." — WM.  RouiiRTSON,  M. A.,  Examiner  in  Modern  Languag-  s 
to  Aberdeen  University. 

"I  have  been  using  the  first  volume  for  the  last  five  months  and  have 
been  delighted  with  the  results  I  have  obtained.  I  started  reading  it  at 
the  end  of  a  fortnight's  grammar,  and  my  young  class  took  to  it  at  once. 
Half  of  it  has  been  read,  and  is  tolerably  well  known,  without  any  painful 
effort,  without,  in  fact,  anything  more  than  mere  '  play.'" 

J.  E.  MANSION,  B.A.,  The  Institution,  Dollar. 

A  German  Reader  for  Beginners. 

With  an  Introduction  on  English-German  Cognates,  Nt.tcs,  ar.d 
Vocabulary,  by  Prof.  II.  C.  O.  Huss.  Crown  8vo,  2s.  6d. 

German  Reader  for  Beginners  in  School 
or  College. 

With  Notes  and  Vocabulary.  By  EDWARD  S.  JOYNES,  .M.A. 
Crown  8vo,  35.  6J. 

Colloquial  Exercises  and  Select  German 
Reader. 

For  Schools  and  Colleges.  By  WILLIAM  DEUTSCII.  Cr.Svo,  3^.6d. 

A  German  Science  Reader. 

By  Prof.  J.  II.  GORE.     Crown  8vo,  2s.  6d. 

Selections  for  Sight  Translation. 

Paper,  sewed,  9d.  per  volume.  I.  Easy.  Compiled  by  GRACE 
L.  DEERING.  2.  Medium.  Compiled  by  G.  F.  MOM  DAN. 
3.  Advanced.  Compiled  by  ROSE  CHAMBERLIN. 

Praktische  Anfangsgriinde. 

B*  flERMiNE  STUVEN.     Crown  8vo,  2s.  6d. 
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Meisterwerke  des  Mittelalters. 

Selected  and  Edited  by  Prof.  WENCKEBACH.     Crown  8vo,  45.  6d. 
"  Our  pupils  all  enjoy  this  book  immensely,  and  I  admire  it  so  much  that 
I  frequently  advise  them  to  treat  their  copies  with  care.     It  brings  together 
in  outline  what  has  never  been  included  (to  my  knowledge)  in  a  single 
volume  before.    The  old  Sagas  are  exquisitely  re-told.     The  stories  are  not 
given  at  such  length  as  in  the  famous  versions  by  Bassler,  but  like  them 
they  retain  a  great  deal  of  the  poetic  aroma  of  the  marvellous  originals." 
WM.  ROBERTSON,  M.A.,  the  Academy,  Castle  Douglas. 

Deutsche  Literaturgeschichte. 

By  CARJ.A  WENCKEBACH.     Vol.  I.     Paper  Boards,  2s. 

Der  Trompeter  von  Sakkingen. 

By  SCHEFFEL.    Abridged  and   Edited,  with   Introduction  and 
Notes,  by  Prof.  C.  WENCKEBACH.    Crown  Svo,  2s.  6d. 

Ekkehard. 

By  SCHEFFEL.    Abbreviated   and    Edited,    with    Introduction, 
Notes,  &c.,  by  Prof.  C.  WENCKEBACH.    Crown  Svo,  35. 

Iphigenie  auf  Tauris. 

By  GOETHE.  Edited,  with  latroc  uction,  Notes,  and  Bibliography, 
by  Prof.  L.  A.  RHOADES,  PU.D.    Crown  Svo,  2s. 

Hermann  und  Dorothea. 

By  GOETHE.     Edited,  with  an  Introduction  and  Notes,  by  W.  T. 
HEWETT,  Ph.D.    Crown  Svo,  35.  6d. 

Torquato  Tasso. 

By  GOETHE.     Edited,  for  the  Use  of  Students,  by  Prof.  CALVIN 
THOMAS.    Crown  Svo,  2s.  6d. 

Sesenheim. 

By  GOETHE.     Edited,  with  an  Introduction  and  Notes,  by  II.  C» 
O.  Huss,  Ph.D.     Paper,  Sewed,  is. 

Goethe's  Poems. 

Selected  and  Edited,  with  Introduction,  Notes,  Biographical  List 
and  Index  of  First  Line1*,  by  Prof,  C.  HARRIS.    Crown  Svo,  35.  6d. 
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Paust. 

By  GOETHE.     Edited,  with   Preface,   Introduction,   Notes,  and 
Appendices,  by  Prof.  C.  THOMAS. 

VOLUME  I.— The  First  Part.    Crown  8\-o,  55. 
VOLUME  II. — The  Second  Part.    Crown  8vo,  6s. 

"  I  have  no  hesitation  in  saying  that  of  all  the  editions  of  Goethe's  Fausf, 
with  English  notes,  which  are  known  to  me,  the  one  by  Professor  Calvin 
Thomas  is  by  far  the  best.  It  is  constantly  used  by  my  students,  who  have 
derived  much  help  from  the  scholarly  introduction  and  the  excellent  notes 
of  the  editor,  who  is  evidently  thoroughly  well  acquainted  with  the  latest 
state  of  '  Faust  philology  '  in  Germany  as  well  as  in  other  countries." 

Dr.  KARL  BREUL,  M.A.,  King's  College,  Cambridge. 

"  I  have  carefully  compared  the  First  Part  with  ether  English  editions, 
and  have  found  that  it  is  really  far  superior  to  all  the  others.  I  was  glad  to 
see  that  Prof.  Thomas  for  his  notes  has  turned  to  the  best  advantage  the 
German  Faust  literature  down  to  the  year  of  publication." 

Prof.  ARWID  JOHANNSON,  M.A.,  Owens  College,  Manchester, 

"  I  consider  Thomas'  Faust  to  be  all  that  you  claim  for  it.  The  intro- 
ductions and  the  notes  reflect  as  much  credit  on  the  digested  scholarship 
of  the  editor  as  on  his  knowledge  of  the  requirements  of  University  candi- 
dates. I  shall  be  happy  to  recommend  these  works  on  their  sterling 
merits." — CADIC,  Fellow  of  the  Royal  University  of  Ireland. 

Novelletten-Bibliothek. 

Selected  from  the  Best  Writers.     By  Dr.  W.  BERNHARDT,  with 
Notes.     Two  Vols.,  Crown  8vo,  2s.  6d.  each. 

Peter  Schlemihl. 

By  CHAMISSO.     With  an  Introduction  and  Notes,  by  SYLVESTER 
PRIMER.     Linen,  is. 

Emilia  Galotti. 

Bv  LESSING.     Edited,  with  Introduction  and  Notes,  by  Prof.  MAX 
WINKLER,  Ph.D.     Crown  8vo,  2s. 

Nathan  der  Weise. 

Bv  LESSING.     Edited,  with  Introduction  and  Notes,  by  Prcf.  S. 
PRIMER,  Ph.D.     Crown  8vo,  35.  6d. 

Minna  von  Barnhelm. 

By  VON  G.   E.    LESSING.     With   Introduction    and    Notes    by 
Prof.  S.  PKIMER,  Ph.D.   Crown  8vo,  2s.  6d.  With  Vocabulary,  33. 

Der  Zwerg  Nase. 

By  W.  HAUFF.    With  a  Sketch  of  the  Author's  Life,  by  Prot 
C  H.  GRANDGENT.    Sewed,  9d. 
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Stille  Wasser. 

Three  Tales  by  ANNA  VON  KRANE,  HANS  HOFFMANN,  and  VON 
WILDENBRUCH.  Edited,  wiih  Notes  and  Vocabulary,  by  Dr. 
WILHELM  BERNIIARDT.  Small  crown  8vo,  is.  6d. 

Immensee. 

By  T.    STORM.     With   English   Notes  and  a    German-English 
Vocabulary,  by  Dr.  W.  BERNHARDT.    Linen,  is.  3<1. 
Materials  for  Composition.     Sewed,  4d. 

In  St.  Jiirgen. 

By  STORM.  Edited,  with  Introduction,  Notes  and  VocabuVy, 
by  ARTHUR  S.  WRIGHT.  Small  crown  8vo,  is.  6d. 

Marchen. 

By  HANS  C.  ANDERSEN.  Edited,  with  Notes  and  Vocabulary, 
by  Prof.  O.  B.  SUPER,  Ph.D.  Crown  Svo,  35.  6d. 

Bilderbuch  Ohne  Bilder. 

By  HANS  C.  ANDERSEN.  Edited,  with  Illustrated  Notes  and 
Vocabulary,  by  Dr.  W.  BERNHARDT.  Linen,  is.  3d. 

Waldnovellen. 

Six  Tales  by  BAUMBACTI.  Edited,  with  Notes  and  Vocabulary, 
by  Dr.  WILLIAM  BERNHARDT.  Small  Crown  Svo,  is.  6d. 

Der  Schwiegersohn. 

By  BAUMBACH.     Edited,  with  Introduction  and  Notes  by  Dr. 
W.  BERNHARDT.     Linen,  is.  3d.     With  Vocabulary,  is.  6d. 
Materials  for  Composition.     Sewed,  4d. 

Die  Nonna. 

By  BAUMBACH.  Edited  with  Notes  and  Vocabulary,  by  Dr.  W. 
BERNHARDT.  Crown  Svo,  is.  3d. 

Aus  dem  Leben  eines  Taugenichts. 

By  J.  EICHENDORFF.     Edited,  with  Introduction  and  Notes,  by 

Prof.  C.  OSTHAUS,  M.A.     Crown  Svo,  2s. 

"AH  our  pupils  like  the  Taugenichts.  lie  is  very  amusing  in  his  quaint 
and  innocent  way.  The  text  is  well  adapted  to  the  wants  of  a  second  or 
third  year's  clnss.  It  is  never  exactly  difficult,  but  it  abounds  in  those 
idiomatic  express;ons,  which  cannot  be  rendered  literally,  and  which  so 
puzzle  a  beginner  if  he  meets  them  for  the  first  time  in  an  examination 
paper.  I  could  not  wish  for  better  notes." 
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Grimm's    Marchen    and    Schiller's    Der 
Taucher. 

Selected  and  Edited,  with  Notes,  Glossary,  and  a  Grammatical 
Appendix,  by  W.  II.  VAN  DER  SMISSEN,  M.A.  Crown  8vo,  2s. 

Der  Talisman. 

Dramatisches  Mii'chen  in  vier  Aufzu'sen.  By  Lumvic  FULDA. 
Edited,  with  Introduction  and  Notes,  by  Prof.  C.  W.  PRETTYMAN, 
Pn.D.  Small  crown  8vo,  is.  6d. 

Er  ist  nicht  eifersiichtig. 

By  ELZ.  Edited,  with  Vocabulary  and  List  of  Strong  and 
Irregular  Veibs,  by  Prof.  B.  W.  WELLS,  Ph.D.  Sm.  crown 
8vo,  is. 

Fritz  auf  Ferien. 

By  HANS  ARNOLD.  Edited,  with  Introduction  and  Notes,  by 
A.  W.  SPANIIOOFD.  Crown  8vo,  gJ. 

Drei  Kleine  Lustspiele. 

Edited,  wiih  Introduction  and  Notes,  by  Prof.  B.  W.  WELLS, 
Ph.D.  Crown  8vo,  is.  3d. 

Kleine  Geschichten. 

By  VOLKMANN.  E-lited,  with  Notes  and  Vocabulary,  by  Dr.  W. 
BERNIIARDT.  Crown  8vo,  is. 

A  Course  in  Scientific  German. 

By  H.  B.  HODGES.   Revised  and  Enlarged  Edition.  Cr.  Svo,  35.  6d. 

Allgemeine  Meereskunde. 

By  JOHANNES  WALTIIER.  Abridged  and  Edited,  with  Notes  and 
Vocabulary  for  Students  of  Scientific  German,  by  S.  A.  STERLING. 
Crown  8vo,  2s.  6d. 

Der  Zerbrochene  Krug. 

By  HEINRICH  ZSCIIOKKE.  Edited,  with  Introduction,  Notes, 
Vocabulary,  and  Paraphrases  for  Re-translation  into  German,  by 
Prof.  E.  S.  JOYNES.  Crown  8vo,  is. 

Das  Wirtshaus  zu  Cransac. 

By  ZSCIIOKKE.  Edited,  with  Introduction,  Notes,  and  Voca' u- 
lary,  and  Paraphrases  for  re-translation  into  German,  by  Prof. 
E.  S.  JOYNES.  Sm.  crown  8vo,  is.  3dJ 
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Moni  der  Geissbub. 

By  JOHANNA  SPYRI.    With  Vocabulary  by  H.  A.  GUERBER. 
Crown  8vo,  is. 

Rosenresli. 

By  JOHANNA  SPYRI.      Edited,  with  Notes    and  Vocabularies 
separately  for  each  Page,  by  HELENS  II.  BOLL.    Crown  8vo,  is. 

Der  Letzte. 

By  VON  WILDENBRUCH.     Edited,  with  Introduction  and  Notes, 
by  Prof.  F.  G.  G.  SCHMIDT,  Ph.D.    Crown  8vo,  is. 

Harold. 

By  VON  WILDENBRUCH.    Edited,  with  Introduction  and  Notes, 
by  C.  A.  EGGEXT,  Ph.D.     Small  Crown  8vo,  is.  6d. 

Das  edle  Blut. 

By  VON  WILDENBRUCH.    Edited,  with  Introduction  and  Notes, 
by  Prof.  F.  G.  G.  SCHMIDT,  Ph.D.    Crown  8vo,  is. 

Plautus  und  Terenz  &  Die  Sonntagsjager. 

By    BENKDIX.     Edited,  with  Introduction  and  Notes,  by  Prof. 
B.  W.  WELLS,  Pli,D.    Crown  8vo,  is.  3d. 

Selections  from  Heine's  Poems. 

Edited,  with  Notes,  by  II.  S.  WHITE.     Crown  8vo,  33. 

Die  Harzreise. 

By  HEINE.    Edited  by  A.  N.  VAN  DAELL.    Paper,  Sewed,  is. 

Die  Journalisten. 

By  GUSTAV  FREYTAG.     Edited,  with  English  Notes,  by  WALTER 
D.  TOY,  M.A.     Crown  8vo,  is.  6d.     With  Vocabulary,  is.  9d. 

Soil  und  Haben. 

By  FREYTAG.   Abridged  and  Edited,  with  Introduction  and  Notes, 
by  Prof.  G.  T.  FILES.    Crown  8vo,  as.  6d. 
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Ausdem  Jahrhundert  des  GrossenKrieges. 

By  FREYTAG.     Abridged  and  Edited  with  Introduction  and  Notes, 
by  Prof.  L.  A.  RHOADES,  Ph.D.     Small  Crown  8vo.  is.  6d. 

Schiller's  Ballads. 

Edited,  with  Introduction  and  Notes,  by  HENRY  JOHNSON,  Ph.D. 
Crown  8vo,  2s.  6d. 

Geschichte  des  Dreissigjahrigen  Kriegs. 

Drittes  Buch.     By   SCHILLI 
Notes,  by  Prof.  C.  W.  PRET 

Wallenstein's  Tod. 


Drittes  Buch.     By    SCHILLER.      Edited,  with  Introduction  and 
Notes,  by  Prof.  C.  W.  PRETTYMAN.    Small  Crown  8vo,  is.  6d. 


By  SCHILLER.  Edited,  with  Introduction  and  Notes,  by  Prof. 
C.  A.  EGGERT,  Ph.D.  Crown  8vo,  2s.  6d. 

Die  Jungfrau  von  Orleans. 

By  SCHILLER.  Edited,  with  an  Introduction  and  Notes,  by 
BENT.  W.  WELLS,  Ph.D.  Crown  8vo,  2s.  6d.  With  Vocabulary,  35. 

Wilhelm  Tell. 

By  SCHILLER.  Edited,  with  Introduction  and  Notes,  by  Prof. 
R.  W.  DEERING,  Ph.D.  Crown  8vo,  35.  With  Vocabulary, 
35.  6d. 

Maria  Stuart. 

By  SCHILLER.  Edited,  with  Introduction  and  Notes,  by  Dr. 
L.  A.  RHOADES.  Crown  8vo,  35.  With  Vocabulary,  35.  6d. 

Der  Geistersehen 

By  SCHILLER.  Edited,  with  Introduction,  Notes  and  Vocabulary, 
by  E.  S.  JOYNES,  M,A.  Linen,  is.  3d. 

Das  Lied  von  der  Glocke. 

By  SCHILLER.  Edited,  with  Introduction,  Notes,  and  Vocabulary, 
by  W.  A.  CHAMBERLIN.  Sm.  crown  8vo,  is. 

Das  Madchen  von  Treppi. 

By  HEYSE.  Edited,  with  Notes,  Vocabulary,  and  English  Exer- 
cises, by  Prof.  E.  S.  TOYNES,  M.A.  Sm.  crown  8vo,  is.  3d. 


38  Heath's  Secondary  Catalogue. 

L'Arrabbiata. 

By  UEYSE.  Edited,  with  copious  Explanatory  and  Grammatical 
Notes  and  Vocabulary,  by  Dr.  WM.  BERNIIAKDT.  Small  crown 
8vo,  is.  3d. 

Die  Hochzeit  auf  Capri. 

By  UEYSE.  Edited,  with  Introduction,  Notes,  Vocabulary,  and 
material  for  Conversational  Exercises  in  German,  by  Dr.WlLHELM 
BERNHARDT.  Small  crown  Svo,  is.  6d. 

Niels  mit  der  offenen  Hand. 

By  HEYSE.  Edited,  with  Notes,  Vocabulary,  and  Paraphrases  for 
Translation  into  German,  by  Prof.  E.  S.  J  DYNES.  Small  Crown 
Svo,  is.  6U. 

Hoher  als  die  Kirche. 

By  HILLERN.  Edited,  with  Notes  and  Vocabulary,  by  S.  WILLARD 
CLARY.  Small  Crown  Svo,  is.  3d. 

Materials  for  Composition.     Sewed,  4<i. 

Zriny. 

Ein  Trauerspiel  in  funf  Aufziigen.  By  THBODOR  KORNER. 
Edited,  with  Introduction  and  Notes,  by  Prof.  F.  J.  HOLZWARTH, 
Ph.D.  Small  Crown  Svo,  is.  6d. 

Das  Haidedorf. 

By  A.  STIFTER.     Edited  by  Prof.  OTTO  HELLER.     Sewed,  gd. 

Kleider  machen  Leute. 

By  KELLER.  Edited,  with  Notes  and  Vocabulary,  by  M.  B. 
LAMBERT.  Small  crown  Svo,  is.  6d. 

Leberecht  Hiihnchen. 

By  SEIDEL.  Edited,  wi.h  Notes  and  Vocabulary,  by  ARNOLD 
WERNER-SPANIIOOFD.  Small  crown  Svo,  is.  6d. 

German  Lyrics  and  Ballads. 

With  a  few  Epigrammatic  Poems.  Selected  and  arranged,  with 
Introduction,  Notes,  Biographical  Notices,  and  Ii.d^x  of  First 
Lines,  by  Prof.  J.  T.  HATFIELD.  Crown  Svo,  2s.  6d. 
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Ali  Baba  and  the  Forty  Thieves. 

Extracted  from  Dr.  WEIL'S  German  Translation  of  the  Arabian 
Nig/its.     Paper,  Sewed,  gd. 


r,y  BENEDIX.     Edited,  with   Notes,  by  N.  SCIIIEFFERDECKER. 
Paper  Boards,  is. 


Die  Hochzeitsreise. 

By  BENEDIX.     Edited,  with 
Paper  Boards,  is. 

Als  Verlobte  empfehlen  sich — . 

By  ERNST  WICIIERT.  Edited,  with  Notes  and  Vocabulary  b) 
Prof.  GEORGE  T.  FLOM.  Small  Crown  8vo,  is.  3d. 

Das  Urteil  des  Paris. 

Ay  ADOLF  WILBRANDT.  Edited,  with  Introduction  and  Notes, 
by  Prof.  A.  G.  WIRT.  Small  Crown  Svo,  is.  6d. 

Per  Traum,  ein  Leben. 

By  GRILLPARZER.  Edited,  with  Introduction  and  Notes,  by  E.  S. 
MEYER.  Crown  Svo,  2s. 

Das  Kaltc  Herz. 

By  HAUFF.  Edited,  with  Notes,  Vocabulary,  and  Grammatical 
Appendix,  by  W.  II.  VAN  DER  SMISSEN.  Small  Crown  Svo 
is.  6cL 
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Heath's  Practical  French  Grammar. 

By  W.  II.  FRASER,  B.A.,  and  J.  SQUAIR,  B.A.,  Professors  of 
the  Romance  Department,  Toronto  University.  With  an  Intro- 
duction by  WILLIAM  ROBERTSON,  M.A.,  Examiner  in  Modern 
Languages  for  the  University  of  Aberdeen.  Crown  8vo. 
Section  I.  2s. ;  Section  II.  2s.  6d. ;  Complete,  35.  6d. 

AN  IMMEDIATE   SUCCESS. 

Published  May  1902.  Third  English  Edition  ready  in  January  1903. 
This  Grammer  was  introduced  in  its  first  year  into  many  leading  schools  of 
Great  Britain  and  Ireland.  Among  the  number  may  be  named  :  St.  Olavc's 
Grammar  School,  Southwark ;  Royal  Academical  Institution,  Belfast ; 
County  High  School  for  Girls,  High  Wycombe ;  St.  Leonard's  School, 
Sr.  Andrews  ;  The  Mountjoy  School,  Dublin  ;  Southlands  Training  College, 
Battersea  ;  and  many  others.  The  United  States  Edition  was  published 
one  year  earlier,  and  over  30,000  copies  of  this  edition  were  sold  in  the  first 
eighteen  months. 

The  following  extracts  should  be  read  by  all  teachers 
of  French. 

11 1  have  submitted  it  to  a  very  exhaustive  examination,  and  I  am  of  the  opinion 
that  it  is  the  finest  and  most  practical  French  course  yet  published.  The  ingeniously 
graded  >nature  of  the  exercises  cannot  fail  to  make  the  pupil  unconsciously  absorb 
the  new  language,  while,  as  they  are  continuous  in  character,  the  interest  is  sus- 
tained throughout.  From  the  very  outset  it  is  possible  to  read  and  write  Krerrh 
prose.  The  method  of  indicating  pronunciation  is  excellent,  and  is  a  desirable  at.d 
useful  feature.  I  shall  have  very  great  pleasure  in  adopting  the  book  heie.  .  .  . 
The  more  widely  known  its  merits,  the  better  for  a  sound  and  rapid  aajirsition  of 
French  in  this  country." — JAMES  M  CUBBIN,  C.A.,  F.R.S.E.,  Burgh  Academy, 
Kil«yth,  Glasgow. 

"I  am  greatly  pleased  with  the  Grammar:  the  phonetic  introduction  is  ample 
without  being  overdone,  the  exercises  throughout  are  numerous  and  varied,  and  the 
book  in  everyway  deserves  the  title  'Practical.'  I  know  no  French  Grammar  th.it 
at  all  approaches  it  as  a  working  school-book,  a-~d  I  shall  introduce  it  at  once 
throughout  the  school." — J.  A.  PORTER,  M.A.,  the  Mountjoy  School,  Dublin. 

"  The  French  Grammar  is  undoubtedly  a  very  skilful  piece  of  work,  and  I  hope  to 
be  able  to  adopt  it  here  in  the  near  future."— W.  J.  GREKNSTKEET,  M.A.,  Mating 
School,  Stroud. 

"  Certainly  deserves  to  be  called  '  Practical.'  Its  exercises  are  the  best  I  hava 
ever  seen  in  a  French  Grammar  for  English  students.  They  are  at  the  same  time 
colloquial  and  continuous^  so  that  the  pupils  are  forthwith  made  acquainted  with 
easy  continuous  prose  instead  of  being  kept  for  the  first  year  at  the  translation  of 
detached  sentences  of  the  chopped-straw  variety.  I  have  no  hesitation  in  stating 
that  it  is  the  best  Grammar  published  for  Iiish  Intermediate  Schools  and  Colleges 
siiii  e  it  comprises  sufficient  mateiial  for  all  the  Grades,  both  Pa>s  and  Hont  urs.  — 
J.  L.  TIIRODUKE  GETZ.  U-es-L,  Prof,  of  Mod.  Langs.,  Intermediate  and  Uniy. 
College,  Waterford 
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French  Grammar — continued. 

"It  is  quite  the  best  introduction  to  French,  taking  it  all  round,  that  I  am 
acquainted  with.  It  combines  the  good  points  of  many  different  text-books;  the 
rules  given  are  short  and  clear,  and  easily  remembered  ;  the  exercises  are  interesting 
and  valuable  through  the  judicious  selection  of  the  vocabulary  ;  lastly,  the  boys 
themseives  like  the  book,  and  vote  it  far  better  than  those  they  used  before,  and  I 
know  of  no  higher  recommendation  for  a  text-book."—  J.  E.  MANSION,  B.A.,  Royal 
Academical  Institution,  Belfast. 

"The  good  opinion  which  I  had  of  the  book  when  I  decided  to  introduce  it,  has 
only  been  strengthened  by  the  class-room  test.  The  system  of  pronunciation  em- 
ployed proved  to  be  a  decided  help  to  my  students.  The  entire  arrangement  of  the 
book  seems  to  me  to  be  a  masterly  and  eminently  practical  one,  as  it  happily  com- 
bines oral  work  with  a  substantial  knowledge  of  the  grammatical  forms  necessary  for 
accuracy  of  work.  My  students  took  hold  with  an  enthusia<im  that  was  really 
refreshing  to  see.  I  consider  it  the  best  book  for  practical  results  that  I  have  yet 
seen."— Prof.  T.  L.  NEFF,  Univ.  of  Chicago. 

"  It  is  my  intention  to  introduce  it  at  the  beginning  of  our  next  school  year."— 
J.  GIFFORD,  M.A.,  Grammar  School,  Alnwick. 

"  I  have  given  it  a  thorough  examination,  and  have  formed  the  conclusion  that  it 
is  the  best  French  Grammar  I  have  seen.  It  is  impossible  to  conceive  a  more 
comprehensive  treatise  on  the  subject,  and  it  seems  to  me  to  afford  an  admirable 
course  to  those  preparing  for  the  King's  Scholarship  Examination." — H.  DAVIS, 
Inter  B.A.  (Lond  ),  Lecturer  in  French  at  the  Dudley  and  District  P.T.  Centre. 

"I  like  your  French  Grammar  very  much;  it  possesses  many  good  features, 
especially  the  exercises  in  conversation  and  phonetic  spelling." — JNO.  BRUCE, 
Ashford  House  School,  Birkenhead 

"Your  title  for  the  Grammar  is  well-chosen.  It  is  certainly  the  most  practical  I 
have  yet  seen." — J.  JOHNSTON,  The  Villiers  Endowed  School,  Limerick. 

"  The  authors  have  produced  an  excellent  grammar,  which  is  no  mean  praise  when 
the  wealth  of  grammars  available  is  considered.  The  book  provides,  with  Part  II., 
sufficient  material  for  a  complete  study  of  the  grammar  of  the  French  language. 
We  recommend  it."— SCHOOLMASTER. 


Selections  for  French  Composition. 

By  Prof.  C.  H.  GRANDGENT.  With  Vocabulary.  Cr.8vo,is.  6d. 

11 1  shall  certainly  adopt  the  Selections.  There  is  nothing  equal  to  it  in 
the  market." — J.  E.  MANSION,  B.A.,  Royal  Academical  Institution,  Belfast. 

"An  excellent  book  in  every  respect." — L.  B.  MEUNIER,  Liverpool. 

"  I  find  Grandgent  the  best  little  book  of  its  kind  I  have  met."— J.  W. 
SCIIOPP,  M.A.,  The  Academy,  Ayr. 

"  Professor  Grandgent's  Composition  comes  nearest  to  my  idea  of  what 
a  book  of  this  sort  ought  to  be  of  any  I  have  yet  seen.  The  easy  gradation 
and  the  variety  of  styles  introduced  cannot  fail  to  ground  the  student 
thoroughly  in  this  difficult  subject.  I  shall  have  pleasure  in  adopting  it."— 
Headmaster  of  a  Leading  School. 

Le  Premier  Livre  de  Frangais. 

By  LOUISE  S.  HOTCHKISS.     Crown  8vo,  is.  3d. 
One  of  the  eight  texts  recommended  by  the  Committee  oi  the  Modern 
Language  Society  for  beginners,  age  9-10. 
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Contes  et  Legendes. 

By  II.  A.  GUERBER.  With  Vocabulary.  Small  Crown  Svo, 
is.  6d. 

This  is  a  simi'ar  volume  to  Miss  Guerber's  "  Marchen  und  Erzahlungen," 
the  great  success  of  which  has  led  to  numerous  inquiries  for  a  collection  of 
legends  and  fairy  tales  writUn  in  the  same  style  for  beginners  in  French. 

Les  Malheurs  de  Sophie. 

L'Ane,  La  Petite  Voiture.  Ty  Madame  la  COMTESSE  DE  SEGUR. 
Edited,  with  Notes,  Vocabulary,  Questions  in  French  and  English 
Exercises,  by  ELIZAUETH  M.  WHITE.  Illustrated.  Small  Crown 
8vo,  is.  3d. 

Selections  for  Sight  Translation. 

I.  Me>liun.  Compiled  by  M.  S.  BRUCE.  6d.  2.  Advanced. 
Compiled  by  T.  F.  COLIN,  Ph.D.  gJ. 

Exercises  in  French  Syntax  and  Com- 
position. 

With  Notes  and  Vocabulary.  By  JEANNE  M.  BOUVET.  Crown 
Svo,  2s.  6d. 

The  French  Subjunctive  Llood. 

A  Brief  Inductive  Tieatise.  With  Exercises.  By  CHARLES  C. 
CLARKB,  Jr.,  Yale  University.  Crown  Svo,  2s. 

A  Practical  Treatise  on  French  Modal 
Auxiliaries. 

Considered  in  their  Relation  to  Grammar  and  Idioms.  With 
Exercises  in  Reading,  Composition,  and  Conversation.  By  A. 
HENNEQUIN,  Th.D.  Crown  8vo,  2s. 

An  Elementary  Scientific  French  Reader. 

By  P.  MARIOTTE-DAVIES,  Ph.D.     Crown  Svo,  is.  6d. 

Livre  de  Lecture  et  de  Conversation. 

By  C.  FONTAINE,  B.L.,  LL.D.     Crown  Svo,  33.  6d. 

Lectures  Courantes. 

By  C.  FONTAINE,  B.L.,  LL.D.    Crown  Svo,  35.  6d. 
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Contes  de  Fees. 

Classic  Fairy  Tales,  for  beginners  in  French.  Edited,  with  Notes, 
Vocabulary,  Table  of  Model,  Iriegular  Verbs,  and  Paraj  brakes  of 
the  Text  for  Translation  into  French,  by  E.  S.  JOYNES,  M.A. 
Crown  8vo,  is.  6d. 

Contes  Bleus. 

By  LABOULAYE.  Edited,  with  Notes  and  Vocabulary,  by  C.  FON- 
TAINE, B.L.,  LL.D.  Sm.  crown  8vo,  is.  3d. 

"  Laboulaye's  pretty  little  stories  are  clear  and  simple  in  style.  Though 
childish  they  are  not  silly,  but,  on  the  contrary,  interesting  and  brimful  of 
quaint  humour.  The  vocabulary  is  a  very  complete  one." — Glasgow 
Herald. 

La  Tache  du  Petit  Pierre. 

By  JEANNE  MAIRET.  Edited,  with  Notes  and  Vocabulary,  by 
Prof.  O.  B.  SUPER,  Ph.D.  Small  crown  8vo,  is.  3d. 

Marie-Louise  et  Le  Due  de  Reichstadt. 

Par  H.  A  GUERBER,  Author  of  "  Marchen  und  Erziihlungen 
fitr  Anfanger."  Edited,  with  Notes,  by  th'e  Author.  Small 
crown  Svo,  is.  3d. 

Athalie. 

By  RACINE.  Edited,  with  an  Introduction  containing  a  Treatise 
on  Versification,  and  with  Notes,  by  Prof.  C.  A.  EGGERT,  Ph.D. 
Crown  Svo,  is.  6d. 

Esther, 

Tragedie  en  Trois  Actes.  By  RACINE.  Edited,  with  an  Intro- 
duction, Notes,  and  Appendices,  by  I.  H.  B.  SPIERS.  Linen,  is. 

Andromaque. 

By  RACINE.  Edited,  with  Introduction  and  Notes,  by  Prof. 
B.  W.  WELLS,  Ph.D.  Sm.  crown  Svo,  is.  3d. 

Cinq-Mars,    ou    une    Conjuration    sous 
Louis  XIII. 

By  A.  DE  VIGNY.  Abridged  and  Edited,  with  Introduction  and 
Notes,  by  CHARLES  SANKEY,  M.A.  Crown  Svo,  33.  6d. 

Laurette  ou  le  Cachet  Rouge. 

By  A.  DE  VIGNY.  Edited,  with  an  Introduction  and  Notes,  by 
Prof.  ALC£E  FORTIER.  Paper,  Sewed,  gd. 
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Mademoiselle  de  la  Seigliere. 

By  JULES  SANDEAU.  Edited,  with  an  Introduction  and  Notes,  by 
F.  M.  WARREN,  Ph.D.  Linen,  is.  3d. 

Colomba. 

By  PROSPER  M£RIMEE.  Edited,  with  an  Introduction  and 
Notes,  by  Prof.  J.  A.  FONTAINE,  Ph.D.  With  or  Without 
Vocabulary.  Crown  8vo,  is.  6d. 

Exercises  in  Composition.     Sewed,  46. 

Cinq  Scenes  de  la  Comedie  Humaine. 

By  BALZAC.  Selected  and  Edited,  with  Introduction  and  Notes,  by 
Prof.  B.  W.  WELLS,  Ph.D.  Small  Crown  8vo,  is.  6d. 

Introduction  to  Modern  French  Lyrics. 

Edited,  with  Notes,  by  Prof.  B.  L.  BOWEN,  Ph.D.     Crown  8vo, 

2S.  6d. 

"  This  is  a  book  of  which  my  clasps  never  tire.  All  of  the  extracts  are 
gems,  and  most  of  them  are  so  attractive,  to  the  young  that  I  find  no 
difficulty  in  getting  my  pupils  to  commit  passage  after  passage  to  memory. 
Teachers  will  be  specially  grateful  to  the  Editor  for  his  admirable  little 
outline  of  the  principles  of  French  prosody — alas,  so  little  studied  in  ouj 
schools." — WM.  ROBERTSON,  M,^,,  the  Academy,  Castle  Douglas. 

Hernani. 

By  VICTOR  HDGO.  Edited,  with  Introduction  and  Notes,  by 
J.  E.  MATZKE,  Ph.D.  Crown  8vo,  35. 

La  Chute. 

By  VICTOR  HUGO.  Edited,  with  Introduction  and  Notes,  by 
Prof.  H.  C.  O.  Huss,  Ph.D.  Paper,  Sewed,  is. 

Ruy  Bias. 

By  VICTOR  HUGO.  Edited,  with  Introduction  and  Notes,  by 
Dr.  S.  GARNER.  Crown  8vo,  35. 

Le  Mari  de  Madame  de  Solange. 

By  EMILE  SOUVESTRE.  Edited,  with  Notes,  by  Prof.  O.  B.  SUPER, 
Ph.D.  Sewed,  Qd. 

Pierre  et  Camille. 

By  A.  DE  MUSSET.  Edited,  with  Notes,  by  Prof.  O.  B.  SUPER. 
Ph.D.  Paper,  Sewed,  9d- 
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